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Preface 


BroLocy text-books were first written in temperate countries, and for 
some time they have been used in tropical countries even though in 
many cases the organisms described in such books are foreign to the 
tropics. Some of the organisms are strictly temperate creatures and can- 
not be made to thrive in the tropical weather, others can be introduced 
only into parts of a tropical country, and finally even where one could 
thrive in all parts of a tropical country, it may not be readily available 
to the schools situated in remote parts of the country. Moreover, the 
introduced plant or animal may have no acceptable place in the tradi- 
tion of the local people, and if it is useful, it is often only cultivated by 
residents from temperate countries. Nor does the use of preserved speci- 
mens do justice to the study of biology. Above all, the tropical flora and 
fauna are even richer than the temperate ones, and equally good substi- 
tutes for the temperate specimens can be found in the tropics. It is true 
that some of the tropical examples provided in syllabuses were at first 
not as well understood as the temperate ones, but this position has now 
changed, and students in the tropics can have the basic information to 
enable them to study the organisms around them. 

The present book is specially written with the tropical modifications 
of School Certificate syllabuses in mind. Where the information is un- 
available or contradictory in the literature, I have made my own obser- 
vations and experiments. Throughout, I have emphasized that it is 
essential to cultivate careful observation, accurate description, and ex- 
perimentation in scientific training. - 

If this book helps students in tropical countries to appreciate the 
biology of their environment and to acquire a basic scientific approach 
to their problems, then the time and energy spent in producing it will 
not have been wasted. 

D YSOE. 

Legon, Accra 
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PART ONE 


CHAPTER ONE 


Biology—The Study of Living Things 


BIOLOGY is the study of living things. The word ‘biology’ comes from 
two Greek words, bios, meaning life, and Jogos, reasoning. It is a branch 
of science which deals with structure, internal functioning, development, 
processes of maintaining life, behaviour—in fact all matters concerning 
all living things, including human beings like ourselves. 

To begin with, it is worth examining how living things like plants or 
animals really differ from non-living things such as pieces of stone or 
iron. Most living organisms can usually be distinguished from non- 
living things, but in a few cases this is not easy. For example, the eggs of 
some animals, or the dormant seeds of plants, often do not show much 
sign of being alive unless placed in favourable conditions. The main 
differences between living and non-living things are as follows: 

1. Form and Size. A living organism usually has a definite form and 
a characteristic size (within certain limits). Thus any coconut tree, 
humming-bird, or whale is very much the same size and shape as any 
other of its kind. 

Non-living things, on the other hand, vary widely in such respects. 
For example, there is no one form and size for a mountain, a river, or 
a flame. 

2. Structure. The parts of a living organism are composed of micro- 
scopic units called cells. These are assembled together into various 
groups for performing the life processes. Cells contain a living substance 
known as protoplasm (see below). 

Non-living things are not made up of cells. For instance, any struc- 
ture which rocks may have varies with their constituents or how they 
have been formed. 

3. Nutrition. Every living organism takes in food substances from 
outside. Where necessary, these substances are changed by digestion 
into forms which can be absorbed or assimilated by the organism. 
Finally, they become part of its body, and may form the source of the 
energy which it needs for its various activities. 

Non-living things do not feed. 

4. Respiration. During respiration, oxygen is taken in from the air (or 
water) by the organism and is used to break down assimilated food, 
thus releasing energy for use by the organism. Asa result ofthe breaking- 
down process, carbon dioxide is produced. 

Non-living things do not respire. 
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5. Excretion. Waste products accumulate inside living things as a 
result of respiration, and other vital processes. These products have to 
be removed from the body—that is, excreted—if the organism is to 
remain healthy. Plants and animals also control the loss of water 
vapour and gases from their tissues. 

Non-living things do not excrete, neither do they control the loss of 
water vapour and gases. 

6. Secretion. Various parts of the living organism produce, or secrete, 
certain useful substances, For example, when we digest our food, certain 
parts of our body called glands secrete special substances known as 
enzymes which are needed for the digestive process. 

Non-living things do not secrete any such substances. 

7. Growth and Life-cycle. Living organisms grow and maintain their 
size as a result of feeding. The increase in size takes place by develop- 
ment of new tissues between or within older ones, and by the 
replacement of parts of the body. Living organisms also have a 
definite life-cycle consisting of birth, growth, maturity, old age, and 
death. 

Non-living things do not grow and have no life-cycle. 

Sometimes a non-living thing may appear to grow. Alum crystals in 
a solution of alum increase in size and stalagmites lengthen in caves. 
However, they do so by external addition, and there is no orderly cycle 
of change. 

8. Reproduction. Every living organism is capable of reproducing more 
organisms like itself. 

Non-living things cannot reproduce. 

9. Irritability. (Response to stimuli.) Living things can react to changes 
outside or inside themselves. If they do, they are said to be stimulated 
and the changes are called stimuli (plural of stimulus). The response 
given by the living thing may be movement of part of the stationary 
organism, like a flower turning towards the sun, or a movement of the 
whole body from place to place (locomotion), like an animal avoiding 
danger. The extent of the response need not be proportional to the 
strength of the stimulus used, and the state of the organism is not 
usually permanently altered by the stimulus. 

Non-living things do not normally respond to stimuli. When they do, 
the extent of the response is proportional to the stimulus and the object 
may undergo a permanent change. For example, when ice is heated it 
soon changes into water, and the amount of ice melted depends on the 
quantity of heat used. 

The activities and changes that take place in the living body make up 
what is called metabolism. These include the processes of nutrition, 
respiration, excretion, and secretion. Some of them, such as nutrition, 
are building-up processes and are called anabolism. Others, such as 
respiration and excretion, are breaking-down processes, and are referred 
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to as katabolism. For growth to take place, anabolism must exceed 
katabolism. 


Protoplasm—The Source of Life 

All living things are alike in that they carry out functions of the kind 
mentioned above. Do they also have a structure in common? To some 
extent, they do. All living things are made up of a complex jelly-like 
substance much like the white of an egg and called protoplasm. This is 
the basis of all life. The protoplasm in a living organism is continually 
active and this activity does not stop until life ceases. 

Chemical analysis reveals that protoplasm largely consists of water 
and some mineral salts, but also contains varying amounts of proteins, 
sugars, and fats, which are products of metabolism. All the components 
of protoplasm are made up of the relatively familiar elements, carbon, 
hydrogen, oxygen, and nitrogen in various but definite proportions, 
together with small traces of phosphorus, sulphur, calcium, and other 
elements. This shows that protoplasm, or the ‘physical basis of life’, 
does not contain any extraordinary substance. It is true that the proteins 
which are its main solid constituents are very complex in chemical 
structure, but it is not these alone which provide the basis of life. 
Living protoplasm is also maintained by its constant reactions in 
response to the environment. In fact, protoplasm shows all the charac- 
teristics of living things already mentioned. 

If protoplasm is the basis of life, then new life must arise from older 
protoplasm; in other words life as we know it today can only arise from 
pre-existing life. The process by which new life is formed is termed 
reproduction, as we have already mentioned. When we come to discuss 
the details of this in a number of living organisms we shall find that 
very often each of the two parents contributes a cell which is highly 
charged with protoplasm. These cells fuse together to form the new 
protoplasm of the young or offspring. We notice that children resemble 
their parents. This similarity is mainly due to the contents of the par- 
ticular protoplasm contributed by the parents to form the new proto- 
plasm of the young one. The study of how characteristics pass from 
one generation to another is called heredity. Genetics is the study of 
the mechanism of heredity and variation. 

As all living things consist of protoplasm and have a number of 
similarities, some of which we have already enumerated, there is reason 
to believe that they are to some extent related to each other. They must 
therefore have been derived from one or more common ancestors, 
changing or evolving in this process. We shall introduce and illustrate 
the evidence supporting this belief at relevant points in this course as we 
describe some of the different types of plants and animals. This concept 
of the evolution of living things is now generally accepted in biology and 
its study is called organic evolution. 
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Scope and Purpose of Biological Studies 

We have just mentioned two branches of biology—genetics and 
organic evolution. It is now worth introducing the other branches. When 
we begin to study any organism we first describe it and the description 
of the external features is called morphology. But our description is not 
complete unless we include some account of the internal structure, 
which means we must cut up the organism. This study is anatomy. Also 
we can study the internal activities of the living organism by physical 
and chemical methods. Such a study is termed physiology. All these 
methods of study are used to follow the development of the organism 
from its earliest stages, as well as to describe the adult. 

Apart from the study of individual organisms we sometimes wish to 
learn about groups of the same or different organisms in their natural 
surroundings, finding out how they are distributed and how they react 
to the environment. Such a study is termed ecology. Studies concerning 
habits, life-histories, and adaptations for survival and reproduction 
constitute natural history. 

These are the main branches of biology with which we shall be con- 
cerned in this course. It is clear from these that biology is more than 
nature study, which consists mainly of descriptions and general obser- 
vations in the field. 

You may ask at this stage why it is necessary to study biology. In the 
first place, why do we study at all? Firstly, the study of any subject, 
including biology, stimulates and disciplines the mind. Secondly, 
biology as a science develops our powers of accurate observation and 
provides us with a framework into which our observed facts can be 
fitted. Thirdly, the study of biology can make us more appreciative of 
the fact that all living things are somehow related, not specially created 
(see Fig. 1). Thus biological studies of even the very simple organisms 
can help us to understand ourselves more fully. Fourthly, through bio- 
logical knowledge we are able to understand more clearly factors 
affecting our survival, such as drugs and sanitation for our health, food 
requirements and methods of increasing food production, and various 
other products for our shelter and comfort. Lastly, perhaps, the study of 
biology stimulates our interest in the lives of other animals and plants 
and increases our enjoyment of our surroundings. 

On the whole, the benefits of biological studies are far-reaching, and 
even the destinies of nations have been at stake when biological know- 
ledge was scanty. For example, the construction of the Panama Canal 
almost came to a standstill because of yellow fever, and could only be 
resumed when the physiology of the mosquito which carried the disease 
had been studied, and ways of controlling it had been found. Another 
such example is West Africa, where malaria, caused by the mosquito, 
made white settlement difficult for many years, because the biology of 
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the mosquito was not well understood. Greater knowledge of the 
ecology of the mosquito helped the achievement of independence by the 
territories by enabling their resources to be economically developed. 


Plants and Animals 
The two principal groups of living organisms are plants and animals. 
While they all show the various characteristics of living things listed 
above, plants differ from animals in certain ways. No doubt everyone 
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Fig. 1. The Tree of Life 


feels confident that when he sees different types of plants and animals 
he can name some of the differences between them. For example, it is 
not difficult to see that animals have compact bodies, are active and are 
aware of their surroundings through senses such as sight, hearing, touch, 
taste, and smell, whereas plants are usually branched, green, and virtu- 
ally incapable of moving from one place to another. These differences 
are clear from everyday observations. However, these observations 
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are based almost entirely on the large and conspicuous higher animals 
and plants, and will, in fact, have to be modified. On the one hand, they 
do not quite fit the lowest and smallest living organisms, while on the 
other, they ignore the most important difference, which is the mode of 
nutrition. 

The invention of the microscope enabled biologists to discover the 
many plants and animals which cannot be seen with the naked eye. 
Some of these microscopic organisms do not fit very well into the classi- 
fication of the obvious differences between plants and animals just 
mentioned. 

For example, there are certain minute animals which behave like 
plants; some are green (such as Euglena), others grow in branched. 
colonies (for example, Obelia), and still others are stationary or fixed 
(for example, sponges, sea-anemones, and barnacles). Conversely, 
certain minute plants behave like animals by swimming actively—for 
example, Chlamydomonas—and some others are not even green—for 
instance, the fungi. We shall deal with some of these in detail later. It 
is not surprising that some organisms appear to be intermediate in 
character between plants and animals, since the classification is of our 
own making. 

We now come to consider what is, in fact, the fundamental difference 
between plants and animals, one which could not be detected from a 
study of structure (morphology or anatomy), nor understood until 
biologists were able to study the physiology of living organisms, par- 
ticularly of plants. This is the mode of obtaining food. Plants do not 
take in chemically complicated food as animals do. Instead, they build 
up their own food from chemically simple substances. These substances 
are water and carbon dioxide. These are utilized by plants in the pres- 
ence of light and usually with the aid of the green colouring matter in 
the cells of plants. This green matter, called chlorophyll, enables plants 
to absorb and use sunlight as a source of energy for building up food. 
However, a few minute plants which have no chlorophyll use chemical 
energy for preparing food. 

This basic difference between plants and animals enables us to under- 
stand a number of the other differences already mentioned. Thus, since 
plants make their own food from sources that are available in their 
normal environment, they can remain stationary. By being branched, 
they provide a larger surface through which carbon dioxide penetrates 
by diffusion. Among animals, on the other hand, chemically complica- 
ted organic food is taken in, and there is need for a mouth as well as fora 
digestive system in which the food is broken down into simpler forms 
which can be absorbed into the cells of the body. Again, since animals, 
boi plants, cannot prepare their food from simple substances nor- 

lly present in the environment, they must be able to move in search 
of it. Hence they possess organs for movement which enable them to 
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respond to their surroundings. For movement, of course, the compact 
kind of body found among animals is most suitable. 

Lastly, one other difference worth mentioning is that of the cell-walls. 
In plants the individual cells have cellulose walls which provide the 
rigidity required of a stationary object, but in animals the cells have 
no such covering. 

5 ie differences mentioned so far may be set out in a table, as shown 
elow: 


PLANTS ANIMALS 
1. Feeding Feed chiefly on inorganic Feed on living or dead plants 
materials (holophytic). or other animals (holozoic). 
2. Preparation Usually make use oflightin Do notusually use sunlight in 
of Food the preparation of theirfood the process of feeding. Rarely 
and sousuallycontain chloro- contain chlorophyll. 
phyll, 
3, Irritability Seldom move. Usually move and respond 


quickly to stimuli, 
4, Form and Have branched bodies and Have compact bodies and 


Structure organs are external. organs are internal, 
5. Growth Usually terminal (at the Growth at various parts of 
end of organs), body. 
6. Cell-wall Cells have thick, rigid cellu- Cells have only delicate mem- 
lose walls. branes as walls. 


SUGGESTED PRACTICAL WORK 


1. Respiration. This is one of the important characteristics of living things. 
It is shown by the absorption of oxygen and the release of carbon dioxide. 
Thus we can use this principle to show that the soil contains micro-organisms. 

Set up the apparatus in Fig. 2 as follows: place a lump of soil inside a large 
bottle, and stand a beaker of clear lime-water by it. Cork the bottle and put 
it in a dark place. After some time the lime-water turns milky, showing that 
carbon dioxide has been produced by the organisms in the soil. Remove the 
cork from the bottle and bring a lighted taper to the mouth of it. If the taper 
fails to burn the oxygen has been used up during respiration. If the experiment 
is repeated with soil which has been baked and sterilized-(as-a: control) then 
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a glass slide, Examine this slide under the microscope and pay particular 
attention to the protoplasm of the cells. Is the protoplasm in active motion? 
Take another stamen and kill it by immersing it in boiling water for a short 
time. Mount some dead hairs and examine in the same way. Has the proto- 
plasm undergone any visible change in its behaviour? 
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Fig. 2. Experiment to show that the soil contains micro-organisms . 


4. Photosynthesis. Green plants can make their own food when provided 
with the simple raw materials of carbon dioxide, water, and light. This process 
is called photosynthesis, and one of the end-products of photosynthesis (as 
well as food) is the gas oxygen. It is possible to demonstrate that green plants 
give out oxygen by performing the following experiment: 

(a) Apparatus. Use a funnel with a large diameter (21 in. to 3 in.) and a short 
stem. Invert it into a large beaker of water and enclose some plant material 
beneath the funnel; place a test-tube filled with water over the stem of the 
funnel (Fig. 3). It is best to set up this apparatus in a bucket of water, and then 
lift it out and insert some small pieces of stone beneath the funnel rim. In this 
way, free circulation of water occurs around the plant in the funnel. 

(b) Water precautions. Best results will be obtained if rain water or boiled 
water is used. Ordinary tap water usually contains dissolved air and this tends 
to collect round the sides of the glass apparatus when exposed to sunlight. 

(c) Plant material. Almost any thin-leaved plant can be used, and it is 
suggested that a number of demonstrations be set up using plants with 
different types of leaves. It is sometimes found that plants with very finely 
divided leaves are not suitable for use in this experiment since bubbles 
become trapped in the leaflets. 

(d) Carbon dioxide. The water used in this experiment should be enriched 
with carbon dioxide; this can be done by bubbling the gas directly into the 
water for some time, or, alternatively, by adding some soda water from a 
siphon to the water in the beaker. 

(e) Light. Direct sunlight should be allowed to fall on the apparatus, which 
should be set up in a prominent position in the open air. Other sets of appara- 
tus could be set up in other situations at the same time—for example, in the 
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shade, under a bright electric lamp, and in a totally dark cupboard. It will be 
interesting to compare the results obtained after a fixed time. 


Oxygen 


Water -plant 
(Ceratophyitum ) 


Fig. 3. Experiment to show that plants give out oxygen when they make their food 


(f) Test for oxygen. Remove the test-tube very carefully, first placing the 
thumb over the open end of the tube. Prepare a splint with a finely tapering 
point and allow it to smoulder. Insert the splint into the test-tube, taking care 
that it does not touch the wet sides of the tube. If oxygen is present in the tube, 
the splint will glow brightly and it may burn with a small flame. 


CHAPTER TWO 


Interdependence and Evolution 
Amongst Living Things 


A TYPICAL green plant can be said to be self-sufficient since it does not 
directly depend on other plants or animals for its food. In fact, it often 
stores a great deal of the food it has made, and this is either used later 
by the plant itself or the plant is eaten by animals. Animals are thus 
ultimately dependent on plants, while green plants are generally inde- 
pendent except for the carbon dioxide which they obtain from sources 
which include animals. However, some plants have special modes of 
nutrition which make them dependent on other living or dead plants. 
The various forms of such special or peculiar modes of nutrition can also 
be found in a number of animals. Some of these modes of nutrition are 
known as symbiosis, parasitism, semi-parasitism, and saprophytism. 


Symbiosis 

Symbiosis is the term used to describe the situation when organisms 
live together and benefit mutually by their association. It is like a 
‘marriage’ between the two organisms. 

Either two animals, or an animal and a plant, or two plants may live 
in a symbiotic relationship. 

An example of two animals living together is provided by the hermit 
crab and the sea-anemone (Fig. 4). The hermit crab is a creature that 
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Fig. 4. Symbiosis of the hermit crab and the sea-anemone 


PARASITES 25 


lives with its body coiled in the empty shell of a whelk or other mollusc. 
Its head and legs protrude from the mouth of the shell when it crawls 
about dragging the shell after it. The hermit crab allows a sea-anemone 
to grow on the shell, and both animals benefit by the association. The 
sea-anemone helps the hermit crab not only by providing camouflage 
which protects it from its enemies, but also by providing defence through 
its power of stinging. In return the hermit crab aids the anemone by 
carrying the latter to good feeding areas and also by providing it with 
food remains on which the anemone feeds. 

An example of symbiosis be- 
tween a plant and an animal is 
offered by the green Hydra, 
many of whose cells contain 
minute green plants. The plants 
use carbon dioxide and nitro- 
genous waste produced by the 
hydra, while the animal bene- 
fits by the release of oxygen 
and perhaps gains some carbo- 
hydrates. 

An example of symbiosis 
between two plants is afforded 
by the presence of root-nodules 
(Fig. 5) on leguminous plants 
such as peas and beans. These 
nodules are swellings of the 
root tissues of the plant and 
contain bacteria, which are re- 
garded as plants, which feed on 
the carbohydrates in the root 
tissues. The plant also makes 
use of some of the nitrogenous 
matter which the bacteria are Be dere 
able to build up from the nitro- Ee en iNeed aie ta) 
gen in the air between the soil Eelis plant (Crotalaria) 
particles. The role of root-nodules in the nitrogen cycle is discussed 
later in Chapter 31. It may be mentioned here that this type of symbiosis 
makes such plants valuable sources of nitrogen for the soil. 


Parasites 
Parasitism is the name given to an association between two organisms 
from which only one benefits. The organism which benefits is known as 
a parasite and it causes harm or inconvenience to the other organism 
(known as the hos?) in the process of obtaining its food. In this respect, 
parasitism differs from another type of association between organisms, 
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known as commensalism, where no harm or inconvenience is caused to 
one partner through the benefit derived by the other. An example of 
commensalism is provided by the free-living microscopic animal Opa- 
lina. This animal lives in the intestines of toads from which it derives its 
food without apparently causing any inconvenience to the toad. 

There are many examples of parasites which cause disease in animals. 
For example, the malarial parasite (called Plasmodium), which is carried 
by the mosquito, lives part of its life in, and derives its food from, the 
ted blood-corpuscles of man, where it produces poisons which cause 
malaria. An outline of the life-history of the malarial parasite is given 
in Fig. 6. Other examples of parasites are the tape-worm, found in pigs 
and man, and the liver-fluke in the liver of sheep. 
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Fig. 6. Outline of the life-history of the malarial parasite 


_ Anexample of a parasitic relationship between an animal and a plant 
is afforded by the ring-worm fungus. This subsists on the living tissues 
of the human scalp and causes the disease known as ring-worm. 
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A plant can also parasitize another plant. An instance is the yellow 
parasite dodder (Cuscuta) which grows on ordinary green garden 
shrubs. Except for during a short period after germination this parasite 
has no roots but develops suckers, or haustoria, which penetrate into the 
tissues of the host, and through these the dodder obtains food and 
water (Fig. 7). 

There are a few cases where parasitism is not total or complete, and 
the plants are known as semi-parasites. Here the semi-parasitic plant 
obtains only part of its food from the host plant to which it is attached 
because, unlike the total parasites, it contains chlorophyll which enables 
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Fig. 7. The dodder parasite (Cuscuta) 


it to make up its own food supply by means of photosynthesis. Well- 
known examples are the ‘African mistletoe’ called Loranthus, and Striga 
(Fig. 8). The mistletoe, with its elongated clusters of bright red flowers 
looking like red candle-sticks, is found on many tropical trees. It has no 
roots but is able to absorb water and mineral salts from the sap of the 
tree on which it grows and its rather leathery green leaves make more 
food by photosynthesis. Striga is often found attached to the roots of 
grasses from which it absorbs part of its food. The plant has a greenish, 
wiry stem with a few small leaves which carry on photosynthesis. 


Saprophytes 
We may just mention the mode of feeding of the fungi—a group 
of plants which have no chlorophyll. These obtain their food by absorb- 
ing ready-made food substances from the material on which they grow. 
Such material may consist of dead tissues. Plants which feed on dead 
tissue are called saprophytes and examples are discussed in Chapter 21. 
They are responsible for the rapid decay of broken trees in our forests. 


Epiphytes 
Finally, we have some cases where one plant may be found standing 
on another, but where there is in fact no union between the two plants. 
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These are called epiphytes. They merely grow in the soil and other debris 
collected in the trunk of the tree. This is more fully discussed in Chapter 
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Fig. 8. Semi-parasites: (a) mistletoe; (b) Striga 
Food Chains 

As well as these special ways of feeding in certain plants, there is a 
general interdependence amongst ordinary living organisms with regard 
to their food relations. In fact, every organism is at one stage or another 
in a food chain when it takes in its daily food, but we forget that 
other organisms may have played their part at some other stage of the 
food chainin ordert 


00 1 o make its feeding possible. Thus the lives of various 
living organisms are linked. 
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We have already mentioned that animals ultimately depend on plants 
for their food. This is obvious to anyone when, for example, he eats 
dough or plantain, or when a bird eats, for instance, a fruit on a tree. 
But we sometimes fail to appreciate this fact when several stages separate 
us from our food. Thus, when we consume milk, or even meat, we are 
one step removed from the plant, for the cow or sheep feeds on grass 
and produces these items of food for us. In the same way when a king- 
fisher eats a fish, some scientific insight is needed to realize that the 
kingfisher is but a stage in a food chain, for the fishes which it eats 
(usually guppies or millions fish) live on mosquito larvae which feed on 
the microscopic green plants called diatoms (Fig. 9). 
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Fig. 9. Food chain of the kingfisher: fish, mosquito larva, diatoms 


There are much longer food chains, but in all cases the principle is 
the same. For example, in the food chain of the herring we find that at 
the very end of the chain we have diatoms (plants) in the sea which 
provide food for a number of very small free-swimming animals called 
flagellates. These in their turn are the main source of food for other 
animals, including crustacea such as crabs and lobsters, Calanus and 
similar small organisms. Lastly, the herring feeds on Calanus and other 
small animals. 

The principle underlying all these chains is this. We begin with plants 
which are eaten by herbivores, which is the name used for animals 
feeding directly on plants, and these are in turn eaten by other animals. 
Animals feeding directly on other animals are called carnivores. How 
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animals can be classed according to their feeding habits is considered 
later, in Chapter 14. 


Classification of Plants and Animals 

We have already grouped living things into plants and animals. These 
form the two major groups of living organisms, and we usually refer to 
them as the Plant Kingdom and the Animal Kingdom. From our every- 
day observations we can generally recognize what is an animal and what 
is a plant. In the same way we know of many different kinds of animals: 
we know an insect, a fish, a toad, a bird, and a mammal such as the 
dog, the cat, or the monkey. All these form different groups of animals 
and we readily know that each group differs in its own way from the 
other group. We often have local names for these groups. But if we take 
any one of these groups and examine it further, we shall find that it is 
possible to distinguish various types of animals forming that group. 
Let us take the monkey as an example. There are several types of 
monkeys—the colobus in Africa, the nasalis or proboscis monkey in 
Borneo, the langur in India, the baboon and mandrill, and the macaque 
or rhesus monkey of Asia, which is much used as a pet and in biological 
research. Similarly, different types of animals can be found in any of the 
other groups mentioned above. In the same way the members of a group 
in the Plant Kingdom can be classified. 

Now, in different countries different common names may be used for 
the same animal or plant. For example, the common tropical weed 
known as the blue fleabane in the West Indies is known in Ceylon as 
chitiviyarchen kanir, in India as kuk-shma or kukur-songa, and in Nigeria 
as tenoreana. This difficulty was realized later, when man first 
Started to observe animals and plants and to compare the common 
names given to each one of them in different countries. For many years 
it was not easy to solve this problem. However, Latin was then the uni- 
versal language of the educated, and in the eighteenth century a famous 
biologist called Linnaeus proposed that it would be easier for all nations 
to refer to the same animal or plant if they all adopted a double Latin 
name for each type. In this way it did not matter what common or local 
name was used for the particular animal or plant. 

The first of the two Latin names was called the generic name, and the 
second the specific name. This system of using two Latin names was 
called the binominal system. The generic or tribal name was given to all 
plants or animals which had many characteristics in common, while the 
second, specific, name was given to each particular type, describing the 
ed characteristics making it different from the others in the same 

ribe. 

An example in the Animal Kingdom is the cat tribe or genus which 
was given the name Felis, and each of the animals within this tribe was 
also given a special second name or species name. Thus the domestic 
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cat was named Felis domestica; the wild cat, Felis catus; the tiger, Felis 
tigris; and the lion, Felis leo. It should be noticed that the generic name 
always commences with a capital letter while the specific name begins 
with a small letter. Let us now consider an example from the Plant 
Kingdom. We all agree that the sweet orange, grapefruit, lime, lemon, 
and tangerine are very similar in many respects. Yet they differ suffici- 
ently for us to recognize each of them. All of them were given the tribe 
or generic name Citrus to which a specific name was added in each case 
to distinguish the various types. Thus the sweet orange is Citrus 
sinensis; the grapefruit, C. paradisi; lemon, C. limon; lime, C. auranti- 
folia; and tangerine, C. reticulata. 

Just as some different species, such as those we have mentioned, have 
been found to be sufficiently similar to be grouped together into one 
genus, so a number of genera (the plural form of genus) are grouped 
together into a family. For instance, there are the Compositae (the 
sunflower family), the Papilionaceae (the pea family), and the Malvaceae 
(hibiscus family). The genera within one family resemble one another 
in the arrangement of their flowers, their anatomy, and other features. 
The process of re-grouping often goes still further. Thus fairly similar 
families may be grouped together to form an order. 

Since we shall really be dealing with individual animals and plants in 
this book, it is not necessary to go any further with the higher groups of 
families and orders. However, it is worth knowing the principles 
involved because casual references to such groups may be found 
throughout the book. The genus and species names are enough for a 
plant or an animal at this stage of the course, and even these will 
normally be used only where no common name exists or where various 
common names are used for a particular plant or animal in different 
tropical countries. The binominal name is then essential to avoid 
confusion. 


Trends of Evolution in Plants and Animals 


We have learnt that in both plants and animals any species which are 
similar may be grouped together into a genus, and the genera with 
similar characters may also be grouped into families, and families into 
orders, and so on. This process of classification enables us to picture 
the major groups of plants and animals. We find that there are many 
degrees of complexity in the groups. For example, in the Animal 
Kingdom there are groups made up of organisms in which the whole 
body appears to consist of a single cell (like 4moeba or Paramecium). 
In another group, the body of the organism is made up of many cells 
but the cells are not very specialized (as in Hydra). Highly specialized 
cells are found in groups like insects, fishes, amphibians, reptiles, birds, 
and mammals. Without going into a long discussion, we can under- 
stand that there are several groups of animals with different degrees of 
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complexity of structure and physiology, ranging from the apparently 
simple, single-cell animal like ‘Amoeba to the highly complex mammal, 
Man. This increasing complexity may be regarded as a trend of evo- 
lution in animals. 

The same can be said with regard to the Plant Kingdom where we 
begin with apparently simple single-celled forms like Chlamydomonas; 
we then come to slightly morecomplex plants like Spirogyra and other 
small plants with no proper roots (like the mosses and liverworts); then 
come bigger plants like ferns, followed by plants like Cycas which are 
more advanced but do not have true flowers and ovaries; and finally we 
come to the flowering plants with true flowers and ovaries, examples of 
which are the hibiscus, the coconut, and the mango. Generally. the 
simpler or ‘lower’ organisms are said to be primitive while the more 
complex or ‘higher’ ones are said to be advanced. 

It is very useful to bear this picture of the trend of evolution in mind, 
as it is the order used in this book with respect to the animals and plants 
we have to consider. 


SUGGESTED PRACTICAL WORK 


1. Food chains. Spend ten minutes each day for a whole week studying the 
feeding habits of an easily observed animal such as a lizard, a chameleon, a 
bird, or a praying mantis. Record answers to the following questions: 

(a) Did any other animal attempt to attack or eat the animal being studied? 

(b) What food did the animal eat? 

(c) If the prey was a different animal, try to discover its feeding habits. 

Choose two food items of animal origin—for example, liver, snail, and 
fish—and construct a food chain for each item. 

It is also possible to study food chains by constructing an aquarium (see 
No. 5 below). 

2. Root-nodules. Dig up a leguminous plant (for example, a groundnut 
plant, a bean plant, or a pea plant) and wash the roots carefully. Notice that 
there are small nodules distributed sparsely all over the roots. 

Attempt germination experiments with seeds of the groundnut plant, as 
follows: 

(a) Sow one set of seeds in a box of ordinary soil. 

(b) Sow another set of seeds in a box of sterilized soil or in sand. 

Compare the external appearance of the roots of each batch of seedlings at 
various times. Are nodules present on the roots of all seedlings? Offer an 
explanation for the results of the germination experiments. 

3. Parasites. The dodder is a common plant parasite introduced into many 
tropical countries. It is often found with its tangled mass of yellowish stems 
on croton and other decorative plants. Look out for dodder in the flower 
gardens in your school or in neighbouring houses and make a note of the 
plants on which it occurs, 

‘African mistletoe’ (Loranthus) is commonly found growing on the branches 
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of other plants. Go out and collect some Loranthus and try to answer the 
following questions: 

(a) Does Loranthus grow on any kind of tree, or is it restricted to one or two 
species of tree only? 

(b) Is Loranthus totally parasitic, or is it semi-parasitic? 

(c) How is Loranthus attached to its host plant? 

(d) Does Loranthus seem to be damaging the host plant? 

(e) What kinds of flowers and fruits does Loranthus produce? 

(f) How are the seeds of Loranthus dispersed ? 

4. Classification. What is the local name for the pepper? (This may be a 
genus name.) Now what do you call the small type of pepper often eaten and 
spread by birds? This type of pepper is a different species from the ordinary 
finger-like pepper. What do you call the latter? We have here two species 
belonging to the same genus. 

5. How to construct an aquarium. Get a large glass vessel and clean it to 
remove traces of soap and dirt. Place at the bottom of it washed sand and 
some stones on which small plants can grow. Pour on to the sand water 
obtained from the pond from which organisms are collected for the aquarium. 
Place in it suitable plants; these may include submerged ones like Cerato- 
phyllum, partly submerged ones like the white water-lilies (Nymphaea), and 
some floating ones like the water-lettuce (Pistia) and water-ferns (Azolla and 
Salvinia). The floating plants provide a light screen as well as hiding places 
for the animals in the water. Animals are added later. These include small fish 
like millions fish, and water-snails to feed on the green algae which soon form 
a film on the glass. Also, mosquito larvae may be added to provide food for 
the millions fish. It is essential to cover the aquarium with glass so that the 
animals cannot get out. 

Aeration is afforded by the production of oxygen by the plants as a result 
of photosynthesis, while the movement of the fish stirs up the water. It is 
important that the aquarium should not be placed in direct sunlight, since 
this will heat the water and eventually kill some or all of the animals. The 
water should be replenished from time to time as evaporation reduces its 
original quantity. 

A balance of life is soon established in the aquarium. When animals die 
their remains provide material for increased growth of plants, but when too 
much debris accumulates at the bottom it should be carefully removed with- 
out disturbing the organisms. Siphon it off with the aid of rubber tubing. 
Small amounts of bread may be added daily for the millions fish, and minced 
meat for the tadpoles. Remove any uneaten bread or meat to prevent decay 


and contamination. 


CHAPTER THREE 


Cells and Microscopic Animals 


Microscopic animals are animals which are so small that they 
cannot be seen with the naked eye, but only with the aid of the micro- 
scope. In its simplest form a whole organism appears to consist of only 
a single cell, but since it performs all the functions of an organism it is 
not proper to refer to it as unicellular, so we say that it is acellular or 
non-cellular. Our main examples of acellular animals will be Amoeba 
and Paramecium, but we shall also make some mention of Euglena. 
There are also other microscopic animals, such as Hydra, whose 
bodies are made up of numerous cells: these are said to be multicellular. 

Before we study these forms of lower animals, we need to learn 
something about the structure and physiology of a cell as found in a 
multicellular organism. This will help us to understand the nature of 
the microscopic animals. 

Before the seventeenth century, biologists had to rely on the naked 
eye alone for the observation of living things. Since the invention of 
the microscope, an instrument which magnifies any object viewed under 
its lenses, it has become possible to examine not only the microscopic 
animals we shall describe, but also the minute anatomy of all animals 
and plants. It has been found that every living organism is composed 
not of an undifferentiated mass of jelly-like protoplasm, but of single 
units of protoplasm in tiny compartments called cells. Each cell (Fig. 
10) is surrounded by a cell-membrane outside which the protoplasm 
may secrete a wall—for example, the cellulose wall of plant cells. As we 
have indicated before, animal cells have no such rigid cell-wall. The 
protoplasm of the cell generally consists of a denser part called the 
nucleus surrounded by a less dense part called the cytoplasm. The cyto- 
plasm contains many granules, some of which are often food substances 
such as fat droplets. In some animal cells the outer part of the cyto- 
plasm is seen to be without granules. As the cell grows, spaces full of 
fluid (cell-sap) often develop in the cytoplasm; these spaces, called 
vacuoles, are common in the adult plant cell and are rare in animal cells. 

Modern investigations have revealed the structure and functions of 
the different parts of the cell. The cell-wall of the plant cell is permeable 
to chemicals in solution; but the cell-membrane of both plant and 
animal cells is semi-permeable—that is, it allows water to pass through 
into the cytoplasm but stops the substances dissolved in the water. 
The cytoplasm is the part of the cell in which the majority of the various 
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chemical activities of the cell are carried out, with the aid of certain 
organic catalysts called enzymes, which are substances which hasten 
the rate of reactions. The enzymes are mainly found in rod-like bodies 
in the cytoplasm known as mitochondria. A study of the nucleus shows 
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Fig. 10. Cells: (a) animal cell; (b) plant cell 


that most cells without a nucleus cannot reproduce or grow. The 
nucleus contains a high proportion of substances called nucleic acids 
which are probably prevented from passing into the cytoplasm by the 
nuclear membrane which surrounds the nucleus. It is the nucleic acids 
which control growth, reproduction, and other chemical activities of 
the cell. 

Let us now consider some of these acellular organisms which, 
according to the classification of animals, form the group known as 
Protozoa. 


Amoeba 


The common amoeba is known as Amoeba proteus. It is probably one 
of the simplest living animals, as it is a single cell with nucleus and 
cytoplasm, and without any visible part of its body set aside for per- 
forming special life processes, such as movement. Yet, in spite of its 
seeming simplicity, it performs all the essential activities of a living 
organism; it is able to move, to capture, digest, and assimilate complex 
food, to throw out indigestible residues, to respire, to produce secre- 
tions and excretions, to respond to stimuli, to grow, and to reproduce 
its kind. 

Amoeba proteus can be collected from the surface of mud in ponds 
and from situations such as the surface of submerged dead leaves. 
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Structure. (Fig. 11.) Amoebais of microscopic size, generally not more 
than 0-6 millimetre long. It is a mass of colourless jelly-like protoplasm 
that is of irregular shape and frequently changing in form. The body is 
covered with a very thin elastic cell-membrane. Beneath this is a clear 
narrow zone of the cytoplasm (called ectoplasm) surrounding an inner 
granular part (endoplasm). Within the endoplasm is the lens-shaped 
nucleus. This is often difficult to see in the living animal; but if the 
animal is killed and stained with certain dyes, the nucleus can be seen 
under the microscope as a darker body. The endoplasm also contains a 
spherical space called a contractile vacuole, which is filled with fluid. 
At intervals this vacuole increases in size and moves to the surface, 
where it lets out its contents into the surrounding water, after which it 
begins to re-form. Other contents of the endoplasm are food-vacuoles, 
crystals, and other substances. 

Movement. When Amoeba is moving along it forms temporary 
finger-like extensions or lobes at any part of its body. These extensions 
are called pseudopodia, or 'false feet'. During the formation of the 
pseudopodia, the thicker ectoplasm in front of the pseudopodia 
becomes more flexible, allowing the more fluid endoplasm to flow 
forwards into these projections. On reaching the front, the endoplasm 
becomes more solid, forming ectoplasm. At the ‘back’ of the animal, the 
ectoplasm liquefies and gets converted to forward-flowing endoplasm. 
(See Fig. 11.) In this way Amoeba progresses by a sort of flowing 
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Fig. 11. (a) Amoeba; (b) amoeboid movement 


movement, as though it were rolling over on itself, forming pseudopodia 
in one direction while withdrawing those behind. This method of 
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movement is typical of Amoeba and has earned the name amoeboid 
movement, 

Feeding. Amoeba feeds on other micro-organisms, such as flagellates 
and ciliates, bacteria, and algae, or the dead remains of larger animals 
such as nematodes and rotifers. It feeds with the aid of the pseudopodia, 
and food can be taken in at any part of the body (Fig. 12). On making 
contact with its prey Amoeba extends pseudopodia to encircle it. The 
food is first taken into the body with a bubble of water to form the 
food-vacuole. Some kind of digestive juice is secreted by the cytoplasm 
into the food-vacuole to help in digesting the food, after which the 
digested food can be assimilated. Indigestible material is left behind 
when the food-vacuole breaks at the surface and the amoeba moves on. 


Nucleus Food vacuole Food vacuole 


See 


Fig. 12. Feeding processes of Amoeba 


Excretion. Just as Amoeba has no mouth and absorbs food at any 
part of the body, so it has no anus. Waste products resulting from 
metabolism are excreted from its body with the aid of the contractile 
vacuole which lies in the endoplasm. As described above, the contrac- 
tile vacuole slowly enlarges and at a certain point its contents are 
squeezed out to the outside. The contents are largely water plus a little 
ammonia. In actual fact, the proper function of the contractile vacuole 
is to regulate the water content of the body. When too much water 
enters the cell the contractile vacuole increases in size and works more 
actively to remove excess water, while if very little water enters, the 
vacuole becomes smaller and discharges less often. 

Respiration. The water in which Amoeba lives contains dissolved 
oxygen and, without any special respiratory organs, Amoeba absorbs 
this oxygen through the entire cell-surface. The oxygen is used to 
oxidize stored food substances and thus provide the energy needed for 
movement and other activities. The carbon dioxide produced after 
respiration also diffuses out through any part of the cell. 

It is interesting to prove experimentally that Amoeba needs oxygen. 
When living amoebae are placed in already boiled but cold water (which 
does not contain dissolved oxygen) they lose nearly all their activity 
owing to lack of energy, and may later disintegrate through death of the 
protoplasm. 

Response to Stimuli. Amoeba shows response to both internal and 
external stimuli. It responds to the internal stimulus of hunger by 
searching for food. It also responds to the external stimulus of contact 
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with food by sending out pseudopodia to capture it. When an amoeba 
is touched with a fine needle it contracts into a ball but when it is 
floating and touches another object, it fastens itself to it. Amoeba 
withdraws from strong light and strong chemicals, although it will 
move towards substances diffusing from its food. 

Growth. The food materials assimilated by Amoeba during feeding 
are used in forming fresh protoplasm. As more and more protoplasm is 
formed in this way, the amoeba grows until a certain maximum size is 
reached, when it begins to divide. 

Reproduction. There is no sexual reproduction in Amoeba and the 
method of reproduction is asexual—that is, it does not involve two 
cells or their products fusing together. Instead, the mature animal 
proceeds to divide into two by a process called binary fission (Fig. 13). 
The nucleus becomes long and divides into two equal halves by a pro- 
cess known as mitosis. At the same time the cytoplasm around the 
nucleus also divides into two, so that at the end of binary fission we 
have two amoebae, each with its own nucleus and cytoplasm. 
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Fig. 13. Binary fission in Amoeba 


The process of binary fission goes on all the time when conditions are 
favourable, but when conditions become difficult as, for example, when 
the pond begins to dry up, the amoeba assumes a rounded shape and 
secretes around itself a horny protective covering called a cyst. In this 
form it can prevent further loss of water from its body and can be 
blown about. In this way Amoeba can reach new ponds and ditches 
where conditions may be more favourable. When conditions improve 
the cyst bursts and the amoeba emerges to resume normal life. Some- 
times the cyst bursts to liberate not one amoeba but many, as a result 
of the original organism dividing several times when enclosed in the cyst. 
This is known as multiple fission and the small amoebae are referred to 
as spores. 


Other Forms of Amoeba 
So far we have described the structure and physiology of the species 
of amoeba called Amoeba proteus. There are other organisms suflici- 
ently similar to Amoeba proteus to form part of the genus Amoeba, but 
with small differences which justify different species names. One such 
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example is A. limax, which differs from Amoeba proteus by forming 
only one pseudopodium at a time. 

There are also parasitic forms of amoeba, usually called Entamoeba, 
which have no contractile vacuoles. One species, E. histolytica, causes 
amoebic dysentery in human beings. It lives in our intestines where it 
digests and assimilates the cells lining them. This parasite often gets 
into us when we drink infected water. To be sure of clean water, all 
drinking water should be boiled in order to kill the germs, unless it is 
known that the water has been purified by public health authorities. 


Euglena 

When cultures of Amoeba are not obtainable, it is equally useful to 
study Euglena, which is also a Protozoan and which is readily obtained 
from pools and ditches contaminated with urine and faeces, or stagnant 
water containing nitrogenous organic matter. This organism is a little 
more advanced than Amoeba since it has a few more specialized organs 
for carrying out the functions of life. For example, the genus Euglena 
consists of organisms which bear a long, slender filament called a flagel- 
lum, which is used in movement. Here we shall describe the species 
Euglena viridis, which is noted for containing the green chlorophyll 
normally found in plants. In this way Euglena viridis is virtually inter- 
mediate in its make-up and physiology between plants and animals. 

Structure. (Fig. 14.) Euglena viridis is a free-living protozoan with a 
slender, elongated body 
about 0-1 millimetre long. 
The front of the body is 
blunt while the opposite end 
is pointed. Unlike Amoeba, 
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Fig. 14, Structure of Euglena viridis 


Euglena has a constant 
shape, which is maintained 
by a thin flexible membrane 
called a pellicle. The proto- 
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which is sensitive to light. Inside the cytoplasm are structures called 
chromatophores which contain the chlorophyll. This is peculiar in an 
organism that is otherwise an animal. There are also some grains of 
carbohydrates. The nucleus is round and lies in the lower half of the 
body. 

Movement. The flagellum is the main structure for movement. By 
beating it backwards the organism is drawn through the water. Euglena 
moves on a straight course while rotating on its own axis and in a 
spiral fashion. Apart from this mode of movement, Euglena at times 
also expands and contracts parts of its body with the aid of its flexible 
pellicle. This enables it to assume many peculiar shapes (Fig. 15). 
This sort of movement is so typical of Euglena that it is referred to as 
euglenoid movement, just as we found amoeboid movement typical of 
Amoeba, 


@ 


Fig. 15. Euglenoid movement 


Nutrition. Since Euglena viridis contains chlorophyll it has the holo- 

phytic mode of nutrition typical of plants. This means that food is 
synthesized within the body by photosynthesis. Apart from this, Euglena 
is also able to absorb some organic as well as inorganic materials dis- 
solved in the water in which it lives. This is a saprophytic mode of 
nutrition. 
A Respiration. Euglena is able to use the oxygen dissolved in the water 
in which it lives. This oxygen is taken in through the whole body surface, 
and helps to break down some of the products of photosynthesis which 
are stored in the body. Carbon dioxide produced as a result of respir- 
ation is given out from the body into the surrounding water. 

Excretion. Any waste products in the body are first collected into 
several minute contractile vacuoles. Later these empty into the larger 


reservoir. From here the waste is removed from the body through the 
cell-gullet and the cell-mouth. 
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Irritability. Euglena reacts to light of the right intensity by swimming 
towards it. In this it behaves like an ordinary green plant which grows 
towards light. But it tends to avoid direct sunlight. As in most other 
Protozoa, Euglena avoids unpleasant stimuli, and direct sunlight is 
evidently too strong for it. 

Reproduction, Like Amoeba, Euglena normally multiplies by the 
asexual method called binary fission (Fig. 16). However, in this case the 
division of the whole organism and its nucleus takes place in a specific 
direction, since the animal has a definite shape. The nucleus first divides 
into two; this is followed by the division of the flagellum, the cell- 
gullet, the reservoir, and the eyespot, so that in the end the whole 
organism splits lengthwise from the front to the back. 


e 


Fig. 16. Binary fission in Euglena 


In hot weather Euglena becomes inactive and secretes a cyst around 
itself as a temporary protective device. If conditions get worse, for 
instance, through drought or scarcity of food, Euglena may lose its 
flagellum, and form a cyst, inside which it divides into sixteen or thirty- 
two small euglenas. 

In conclusion, we find that Euglena is more specialized than Amoeba. 
Its structure is more complicated, and it also separates its physiological 
processes to a greater extent. 


Paramecium 
Paramecium is an interesting organism to study because it shows a 
very high degree of organization and specialization for an acellular 
organism. In this respect it is more advanced than Amoeba and Euglena. 
It belongs to a group of Protozoa characterized by the possession of 
numerous short hair-like structures called cilia by which the animal 
moves. 
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It is often found that Paramecium multiplies rapidly in infusions made 
by soaking hay in water, where it feeds on bacteria. We shall be des- 
cribing the species Paramecium caudatum. 

Structure. (Fig. 17.) Paramecium is simply described as slipper-shaped 
(with its blunt end in front) and is sometimes called the ‘slipper animal- 
cule’, The body is thus of a definite shape as in Euglena but it does not 
alter its shape as do Amoeba and Euglena. The cilia are set on a definite 
elastic membrane which covers the body and is called the pellicle. The 
pellicle, which is in reality part of the protoplasm and not a cell-wall, is 
strengthened by a number of fine rods called trichocysts. The latter are 
embedded in a narrow clear layer (ectoplasm) just below the pellicle. 
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Fig. 17. Structure of Paramecium 


Inside this is the more granular endoplasm. A shallow groove (oral 
groove) is found on one side of the organism; a small tubular gullet 
leads from this into the endoplasm. 

"There is a cell-anus just behind the gullet. In the endoplasm there are 
food-vacuoles and two contractile vacuoles, one at each end. Para- 
mecium is characterized by the possession of two nuclei, a larger one 
(meganucleus) partly surrounding the smaller one (micronucleus). 

Movement. Paramecium moves in the water with the aid of its cilia, 
which beat backwards to carry the animal forwards. While moving, 
Paramecium also rotates because the cilia beat in an oblique fashion. 
At the same time the cilia in the oral groove beat much more vigorously 
than on the rest of the body and this makes the organism swim along a 
spiral path. All this results in a specific course of travel. When Para- 
mecium encounters either a solid object or an unfavourable chemical in 
the water, it avoids it by reversing the beat of the cilia. This enables it 
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to move backwards a little, and before it moves forwards again it tries 
to find a safer direction by allowing samples of water ahead of it to pass 
through the oral groove so as to determine their nature. 

Feeding. The food of Paramecium consists mainly of bacteria, small 
protozoans, and algae. The water containing these organisms is drawn 
into the gullet by movements of the cilia in the oral groove as well as 
by the undulating membrane. The food is collected in a watery vacuole 
situated at the end of the gullet. The vacuole then gradually enlarges 
and, after reaching a certain size, breaks off and becomes a food-vacuole 
which follows a definite route in the endoplasm until it reaches the pos- 
terior part. A new vacuole then begins to form to replace the first one, 
and the process starts again. The endoplasm secretes enzymes which 
help in the digestion of the food, and it also absorbs the digested food. 
Any indigestible residues leave the body through the anus. 

Respiration. Paramecium is not much more specialized than Amoeba 
with respect to its process of respiration. There are no special structures 
and the animal absorbs dissolved oxygen through the entire body sur- 
face from the surrounding water and similarly releases the resulting car- 
bon dioxide by diffusion. 

Excretion. Excretion of water containing a little ammonia (as in 
Amoeba) is carried out with the aid of the two contractile vacuoles. Each 
of these vacuoles has a number of radiating canals that converge on and 
discharge into it. Each vacuole accumulates water and, when it has 
attained a certain size, contracts and discharges its contents to the 
exterior. The radiating canals then resume their function and the whole 
process is repeated. 

Irritability. Paramecium tries to avoid any unfavourable stimuli, such 
as chemicals, proceeding by trial and error until it escapes. Apparently 
the front end of the organism is the most sensitive part. Thus, if this is 
touched with a needle, the animal shows a strong avoiding reaction, 
whereas if it is touched elsewhere it may not show any response at all. 
Paramecium often moves forwards when it comes into contact with an 
object. This is probably an attempt to find out whether the object is 
suitable as food material. 

Reproduction. Paramecium has two main methods of reproduction. 
One is by the familiar binary fission which we have already found in 
Amoeba and Euglena. Each of the two nuclei divides into two; one of 
the two halves of each nucleus moves towards one end of the organism. 
This is followed by a transverse division of the protoplasm just behind 
the gullet. When this is completed the two products are each found to 
have a contractile vacuole, but only one of them has a gullet. The one 
without a gullet later develops one. They grow to their full size and 
divide again. Paramecium can divide about four times a day thus pro- 
ducing sixteen progeny from one individual. 

The other mode of reproduction is sexual reproduction (Fig. 18). 
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This is the first time we have come across a process like this in single- 
celled organisms. It is much more complicated process and involves 
two individuals coming together and exchanging parts of their nuclear 
material. The process is called conjugation. The end result of this pro- 
cess is the production of four individuals from the two original ones. 
The details are too complex for us at this stage of our studies. 
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Fig. 18. Sexual reproduction (conjugation) in Paramecium 
SUGGESTED PRACTICAL WORK 


1. The Microscope. A study of very tiny animals and plants is only possible 
with the aid of a microscope. This instrument has to be handled very carefully 
since it is easily damaged and is very expensive. 

Ask your teacher to demonstrate the use of the microscope, and pay 
particular attention to the following parts: the eyepiece, the drawtube, the 
coarse and fine adjustments, high and low power objectives, the stage, and the 
mirror. Some microscopes have additional refinements such as iris diaphragm, 
sub-stage condenser, and coloured filters, 

The first compound microscope was developed by Robert Hooke (1635- 
1703), and it enabled him to examine and record sections of plant stems in 
great detail, His drawings of small things were recorded in a book appropri- 
ately called Micrographia (micro—small, graph—to draw), and you should 
try to discover as much as possible about this work. 

Little improvement was made to the microscope for the next hundred years, 
but by about 1880 the forerunner of the modern instrument was developed. 

Today there exists a number of very complicated microscopes, and you 
should try to discover something about them—for example, the phase- 
contrast microscope and the electron microscope. 

2. Amoeba, Try to find examples of Amoeba in standing water near your 
school. Carefully collect samples of water from the surface of mud, dead 
leaves, or pieces of wood. Take these back to the classroom, where the teacher 
will mount a drop of each on a slide under the microscope to see if you have 
got any amoebae. If so, he will set up a demonstration for everyone in the 
class to examine. 

Notice particularly how Amoeba moves. After this the teacher will replace 
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the water under the cover-slip with iodine solution. This will stain the 
nucleus and make it visible, although it will also kill the amoebae. 

3. Paramecium, The following culture method is suggested for Paramecium: 

Boil up some banana skins in a beaker of rain water and transfer the solu- 
tion (now rich in organic substances), when cool, to a wide-mouthed jar 
containing a little pond-water. This jar should be left undisturbed on a shady 
window-sill and protected from strong sunlight for about a month. The top 
of the jar must be covered with a thin layer of muslin to keep out mosquitoes. 
The surface layer of scum must not be disturbed on any account since it helps 
to maintain acidic conditions in the culture. After a few weeks large numbers 
of another protozoan may appear, but these will be succeeded in due course 
by Paramecium. 


CHAPTER FOUR 


Hydra—A Many-celled Animal 


THE study of Amoeba, Euglena, and Paramecium has shown us that all 
the life processes of a living organism can go on within the limits of 
what looks like a single cell. Such organisms are called Protozoa. We 
are now going a stage further, to study an organism made of many cells 
(or multicellular). Organisms of this structure are referred to as Metazoa 
(as opposed to Protozoa). The possession of many cells for the body sug- 
gests that different cells perform different kinds of work. A group of 
cells which performs a special function is called a tisswe, and tissues may 
also be grouped to form organs, each of which performs an integrated 
function. 

Hydra is one of the simplest multicellular animals and thus serves to 
illustrate at a low level the specialization of cells found in the Metazoa. 
Tn the tropics, Hydra is more commonly found in the West Indies. It 
occurs less frequently in Africa and Asia but can be found in stagnant 
or slow-moving fresh-water streams or ponds and has been called the 
fresh-water polyp. It adheres to plants or stones. 

Structure, Hydra (Fig. 19a) is a much bigger animal than the acellular 
ones so far described. It is about 20 millimetres long and can be seen 
under the hand-lens as a slender green object with several hair-like 
structures known as tentacles at one end. It attaches itself by the other 
end to stones, sticks, or water-plants. This end is closed to form a ‘foot’. 
The body is cylindrical and tubular. The end of the animal bearing the 
tentacles has a small mouth-opening situated on top of a central cone 
or hypostome. At the side of the body the animal may bear buds which 
later become detached and function as new individuals. Other rounded 
projections, the ovaries or testes, are sometimes borne on the body. 
This is the first time in our studies that we have come across a group of 
cells functioning as sex-organs. 

Internally, the animal is made up of two layers of cells, both in the 
body and in the tentacles (Fig. 195). These are a thin outer layer called 
the ectoderm, which consists mainly of cubical cells, and a thicker, 
inner layer called the endoderm and made up of rather tall cells. Between 
these two layers is a thin strip of sticky jelly-like substance, without 
cells, called mesoglea. The ectoderm is essentially a protective and sen- 
sory layer; the endoderm, however, is digestive in function, while the 
mesoglea serves as a support for these two cell-layers. 

The ectoderm is made up of a number of specialized cells such as: 
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Fig. 19. (a) External features of Hydra; (b) internal features of Hydra 


(a) muscle cells, with extensions called muscle-tails, which can 
contract so that the body of the hydra becomes short and fat; —— 

(b) nerve cells, with several branched processes, which join at their 
ends to form a nerve-net all over the body; 

(c) sense cells, with small projections pointing outside, which are 
sensitive to touch and other stimuli. 

(d) interstitial cells, which are found in the ectoderm all over the 
body and which can grow into any of the specialized cells of the 
ectoderm when replacements are necessary. 
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The endoderm cells are also further specialized into sense cells (as in 
the ectoderm), secretory cells (which secrete digestive enzymes into the 
body cavity, or enteron, to aid digestion of food), and nutritive cells. 
The latter cells have muscle-tails like the muscle cells of the ectoderm, 
but in this case the body of Hydra becomes narrower and longer when 
they contract. 

It has already been mentioned that Hydra viridis looks green. This is 
due to the fact that in this species the contents of the nutritive cells 
include some unicellular green algae (plants) called Chlorellae. This is 
an example of symbiosis (see Chapter 2), which we have defined as an 
association of different organisms for their mutual benefit. In this case 
the plant is able to make use of the nitrogen waste products of the 
hydra, while the hydra uses thecarbohydrates manufactured by thealgae. 

Movement. We have already mentioned one type of body movement 
in Hydra brought about by the muscle cells of the ectoderm (which 
contract the animal into a short, thick shape) and the nutritive cells of 
the endoderm (which contract to make the animal tall and thin) (Fig. 
20). The main types of locomotion are gliding, walking, and somer- 
saulting, Hydra glides slowly along its support by means of an amoeboid 
movement of the pseudopodia-like structures on the cells of the foot. 


Fig. 20. Movements of Hydra 


: When performing the walking movement, Hydra bends its body over 
into a loop so that the tentacles touch the support at some distance away 
from the foot. The foot is then moved towards the tentacles. Once in 
this new position the animal raises its tentacles again. The somersault of 
Hydra (Fig. 21) starts like the walking movement. When the body is 
bent into a loop, the foot is released completely and is moved in the water 
to the other side of the tentacles, where it takes a new grip on the 
SOPORE This somersault is the most rapid method by which Hydra 

oves. 

Feeding. The food of Hydra consists of small crustaceans such as 
water-fleas and insect larvae; occasionally Hydra is able to swallow 
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food objects bigger than itself. When Hydra is hungry it stretches its 
body and tentacles; the latter are waved about and when they touch the 
prey certain stinging cells in the ectoderm of the tentacles (called nema- 
tocysts) are discharged into the prey to paralyse it. The tentacles then 
bend to pass the food towards the mouth, which opens to allow it to 
enter the upper part of the body cavity. Here the secretory cells dis- 
charge enzymes to act on the food and reduce some of it into a soluble, 
digestible form which is absorbed by some of the cells of the body 
cavity. This type of digestion, which takes place outside the cells of the 
body cavity, is typical of multicellular animals, and is referred to as 
extra-cellular digestion. 


Fig. 21. Somersault of Hydra 


Hydra also displays a second type of digestion, which occurs within 
individual cells, very much like the digestion within the single cell of an 
acellular organism. Part of the incompletely digested food is taken in 
by nutritive cells in the body cavity which send out pseudopodia, as in 
Amoeba, to draw the food into vacuoles, and further digestion takes 
place here. This is called intra-cellular digestion. Any undigested food 
is then got rid of through the mouth. Thus the mouth in Hydra acts in 
addition as an ‘anus’, 

Respiration. Hydra does not seem to have advanced any further than 
the unicellular organisms with regard to respiration. The oxygen re- 
quired for respiration is absorbed from the surrounding water by any of 
the cells of the body, and the carbon dioxide diffuses out in the same way. 

Excretion. Like respiration, the method of excretion resembles that in 
the Protozoa. No special organs are present for the purpose, and there is 
a general diffusion of nitrogenous waste substances from each cell. 

Response to Stimuli. We have already pointed out that the various 
movements shown by Hydra are co-ordinated by impulses which pass 
through the nerve net. Generally, the state of the animal has an effect on 
its behaviour towards a stimulus; for example, when hungry, Hydra 
responds more actively than when it is satisfied. It often shows an avoid- 
ing reaction towards the touch of a needle, strong light, or an injurious 
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chemical substance. Apart from responding to external stimuli, Hydra 
also reacts to internal factors, so that it may suddenly expand or contract 
its body without apparent cause. ` 

Regeneration. Hydra has the ability to re-grow any lost parts of its 
body. This is called regeneration. Thus, if a tentacle is cut off, a new one 
later develops to replace it. Even when the animal is cut into pieces, 
each piece may be able to grow into a whole animal. If Hydra is split to 
some extent from the mouth downwards and the two parts are kept 
apart, a two-headed individual will be formed. Even when parts of two 
hydras are brought together, they can fuse to form a single animal. 
This is called grafting. 

Reproduction. Hydra shows both sexual and asexual reproduction. 
The sexual mode of reproduction involves eggs and sperms and is a 
highly advanced and specialized method which we shall find more often 
in the more advanced animals. The asexual method is budding. The bud 
is a bulge in about the middle of the body, and is made up of different 
tissues like the main body. It grows into the various parts of the hydra, 
such as tentacles and a mouth. When fully grown into a miniature 
hydra it breaks off at the base and begins an independent life. Budding 
often takes place when there is plenty of food. 

When, on the other hand, a dry period begins and food is generally 
scarce, Hydra begins to reproduce sexually (Fig. 22) by means of 
gametes—that is, sperms and ova, or egg-cells. These are produced ii 
sex-organs (or gonads) which for sperms are the testes and for ova are 
the ovaries. 
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Fig. 22. Sexual reproduction in Hydra 


The gonads arise from interstitial cells of the ectoderm. The testes 
are produced higher up near the tentacles and the ovaries are much 
farther down. Although one animal may develop both sex-organs, 
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they do not appear at the same time. The testes undergo a series of cell- 
divisions and produce many minute sperms, each bearing a tail, while 
the ovary, after going through similar cell-divisions, eventually produces 
a single large cell with much yolk, the ovum, which hangs suspended in 
the water. At this stage the testes release into the water the sperms, 
which swim to the ovary, where one of them will fertilize the ripe ovum. 
Soon after this the fertilized ovum secretes a thick wall and frees itself 
from the parent. This structure is the zygote, and after resting for some 
time at the bottom of the pond, a new hydra hatches from it when con- 
ditions are favourable. 


Other Animals like Hydra 

The study of Hydra has shown us some of the ways in which the 
Metazoa are more advanced than the Protozoa. As has been mentioned, 
Hydra is not easily obtainable in Africa and Asia, and it may be neces- 
sary to have a more common substitute in these areas; the sea-anemone 
(Fig. 23) is a suitable one. Not only does the sea-anemone belong to 
the same group of animals (the Coelenterates) as Hydra, but it is in 
fact a bigger animal and is therefore easier to deal with. Moreover, 
the structure is very much like that of Hydra. 
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Fig. 23. Structure of the sea-anemone 


In a way the sea-anemone is more advanced than Hydra. For example, 
if Hydra is cut into two equal parts longitudinally, the two halves will 
be very similar with respect to structures present. This is called radial 
symmetry. But in the case of the sea-anemone the arrangement of 
certain internal septa and of the gullet is such that there is only one 
direction in which the animal can be cut longitudinally in order to get 
two similar halves. This is called bilateral symmetry, and we shall find 
that it is a feature of nearly all the higher animals we shall later describe. 
Bilateral symmetry is obviously more specialized than the radial 
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symmetry of Hydra. This is why bilateral symmetry is regarded as an ad- 


vanced character. p 
Another animal in the same group as Hydra and the sea-anemone is 


the jelly-fish. 
SUGGESTED PRACTICAL WORK 


1. Try to obtain Hydra in the following way: pour a quantity of pond- 
water or rainwater into a white sink and float on it some water-lily leaves for 
about a day. After this examine the sides of the sink for specimens of Hydra. 
Hydra can sometimes be seen with the naked eye, but a careful inspection is 
necessary. 

2. (a) Use a hand-lens to examine the Hydra on the sides of the sink. The 
correct way to use a hand-lens is as follows: holding the lens close to your 
eye, move your head towards the specimen until the subject comes into focus 
(for clear focusing, the distance between lens and specimen may be as little 
as an inch). 

(b) Detach a single hydra from the side of the sink and place it in some 
water on a cavity slide. When Hydra is disturbed it often reacts by contracting 
its body, so allow the animal to relax to its full length before examining it 
under the low power of the microscope. Make a drawing of it and label the 
mouth, tentacles (note their size and number), body, gonads—if present—and 
foot. Turn to the high power and examine one tentacle in detail. 

3. If your school is situated in a coastal town, try to collect sea-anemones 
from the rocks at the sea-shore and bring them to the school for closer 
observation. Keep the water well aerated if you want the sea-anemones to 
survive for any length of time. Bring a quantity of sea-water with you and set 
up a small, temporary, marine aquarium. Keep the anemones in the salt 
water and be sure to keep the water well aerated and the animals well fed on 
meat fragments if you want the anemones to survive for any length of time. 
Remove any uneaten meat as it may decay and cause contamination. If your 
school is away from the sea, your teacher will show you preserved specimens of 
Sea-anemones. 


CHAPTER FIVE 


The Worm and the Snail 


WHEN we use the word ‘worm’ we may be referring to flat-worms, 
round-worms, or segmented worms. All these animals show many 
advances over Hydra and its relatives. One indication of their advance- 
ment-is the well-developed bilateral symmetry of the body. The worms 
have a specialized front end or ‘head’ and a hind end. They also have 
right and left sides, a lower or ventral part, and a top or dorsal part. 
The other good reason for considering the worms more advanced than 
Hydra and similar lower animals is that in them we find for the first time 
a third layer of tissue between the ectoderm and endoderm. You may 
remember that in Hydra there was only a thin layer of thick jelly-like 
substance without any cells, called mesoglea, but in the worms and other 
higher animals a proper third layer made up of cells lies between the 
ectoderm and the endoderm (Fig. 24). 

Now just a few words about the different types of worms. The flat- 
worms are rather small and either free-living or parasitic. The parasitic 
ones are better known, since they cause certain diseases in man and 
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Fig. 24. Three layers of tissues in worms (compared with two layers in Hydra) 
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domestic animals. A well-known one is the tape-worm (Taenia) (Fig. 25) 
which lives part of its life-cycle in the intestines of man and part in the 
muscles of the pig. It uses the 
suckers and hooks on its head 
(scolex) to hang on to the intestine 
wall while it absorbs the digested 
food around it. 

Round-worms are long and 
pointed and are often found free 
in the soil or in water, although 
some are parasitic on plants (such 
as eel-worms) or in animals, includ- 
ing human beings. For example, 
the hook-worm and the filaria worm 
cause ill-health in many tropical 
countries. 

Finally, the segmented worms 
are popularly typified by the earth- 
worm. We shall now discuss the 
earthworm in greater detail. 


— head 
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The Earthworm 

The earthworm is an interesting 
organism of significance in our soil, 
and it is worth learning something 
about it. 

Natural History. The earthworm 
(Fig. 26) lives in the soil where it can 
obtain moisture and decaying vegetation for its food. Thus, in the trop- 
ics large numbers can be found in the open savannahs beneath the tall 
grasses and in the forests in decaying tree-stumps. Indeed, in most soils 
there may be as many as fifty thousand earthworms per acre. However, 
they avoid the heaviest clayey, sandy, and acid soils. At night they crawl 
on the surface of the damp soil in search of food, but during the day 
they usually live underground. 

t It is also common to find the main part of the body of the earthworm 
in its burrow while its head is above ground. In this way it can search 
for food and at the same time be able to escape quickly from danger. 
The burrow is well prepared, with a layer of fine soil cemented inside 
by means of a secretion from the skin of the worm. As the worm 
pushes its way through the soil preparing the tunnel it eats its way 
along. Before Soil is swallowed the worm secretes juices containing 
enzymes on to it. The soil first enters the gizzard where it is ground up 
and then passes to the intestine where digestion is completed. The worm 
excretes powdered soil in the form of worm-casts and these can be found 


FEAET TETEG 


Fig. 25. Tape-worm 
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heaped at the entrance of the burrow. They consist mainly of soil 
particles. 

External Features. The earthworm has a very elongated body divided 
into a large number of rings or segments. The body is roughly cylindri- 
cal, especially the forepart, while the greater part of the remainder is 
slightly flattened. In tropical countries earthworms have been found 
measuring up to a foot or more in length, although generally they are 
smaller than those found in temperate climates, 


pulling leaf „HEAD 
into tunnel 


PART OF 
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Fig. 26. The earthworm 
Reproduced from Animal Life in the Tropics by E. M. P. Walters (Allen & Unwin) 


The forepart of the earthworm tapers to a point and the mouth is 
situated here, while the tail, which is not so pointed, contains the anus. 
There is no clear external indication of a head. The upper surface of the 
body is darker in colour than the lower and the whole surface of the 
worm is rather moist, due to a secretion from certain glands in the body. 
This secretion, found on the thin layer of cuticle enveloping the body of 
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the animal, has a number of useful functions. We have already men- 
tioned that it helps to cement together the fine particles of soil lining 
the worm’s burrow. Its other uses include that of a lubricant when the 
worm is moving through the soil, keeping the skin moist enough to 
make respiration easy, and killing harmful bacteria and fungi which 
might attack the worm. 

The surface of the body is not as smooth as it appears, due to an 
arrangement of small bristles which give it a certain roughness. These 
bristles are called setae (or chaetae) and four pairs of them project from 
each segment of the body, arranged in two double rows on each side. 
There are setae only on the lower half of each segment and they are 
absent from the first and last segments. The setae grip the ground while 
the muscular body of the worm lengthens and shortens, enabling it to 
move along. 

On the dorsal surface of the body, after the ninth segment, each seg- 
ment except the last has a small hole known as the dorsal pore. These 
pores penetrate the body wall to the inner tissues, opening on the out- 
side into grooves between the segments, It is just possible to see a blood- 
vessel running along the dorsal surface of the body. 

About one-quarter of the length of the body away from the mouth, 
some segments are thickened and fused together into a pad called the 
clitellum. A count of the number of segments from the mouth to the 
clitellum will show that the clitellum stretches from segment number 
thirty-two to thirty-five or thirty-six, so that five or six segments are 
involved in its formation. The clitellum has many glands and during 
reproduction plays an important part by secreting the cocoon, a con- 
tainer in which the eggs are laid by the worm. It is not easy to see any 
other openings of the various internal organs except those of the male 
reproductive organ, the testes. These can be found as slits on the lower 
side of segment number fifteen. The earthworm is a hermaphrodite, 
like Hydra, since it has both male and female sex-organs. 

Reproduction. The earthworm has no asexual means of reproduction. 
It is a hermaphrodite, and its mode of reproduction is entirely sexual 
with cross-fertilization. Reproduction starts with a set of processes 
aimed at exchanging spermatozoa between two animals so that the 
eggs in each animal are later fertilized by the spermatozoa received 
from the partner. This is done by a process called copulation (Fig. 27). 
In this, two animals pair at night so that the head of one is close to the 
tail of the other. They lie on their sides with their lower surfaces in con- 
tact. The whole process is rather complicated and will not be fully 
described here. After a mucous envelope has been secreted to bind the 
two copulants together, seminal fluid is exchanged and stored in the 
Opposite worm. When this has taken place the two worms separate. 

_A slime-tube is then formed to cover the body from segment number 
six to the end of the clitellum, and shortly after this the clitellum 
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secretes the cocoons into which the eggs are later placed. These cocoons 
are formed at intervals and, as each is formed, about eight to sixteen 
eggs pass into it. The cocoon then moves away from the clitellum 
towards the head of the worm. As it passes over segment numbers nine 
and ten, seminal fluid is discharged into it and later this fertilizes the 
eggs after the cocoon has been deposited. The cocoons are small ovoid 
objects, often found lying under stones. The embryo in the cocoon 
develops into the young earthworm, which is very like the parents. 


Seminal Groove 
Male Opening 


Clitellum 


We may mention here that the earthworm, like Hydra, has the capa- 
city to regenerate lost parts. Thus, if a worm is cut in two, each piece 
eventually replaces the lost part and becomes a complete worm. 

Economic Importance. By its various activities in the soil, the earth- 
worm contributes in no small measure to the betterment of the soil and 
the healthy growth of crops. It has been said that the earthworm is a 
better cultivator than any machine invented by man. First, by burrowing 
in search of food, the worm loosens the soil particles and forms count- 
less channels. Not only does air readily enter through these channels, 
but rainwater also finds a quick exit from the base of the roots, enabling 
plants to grow more easily. Secondly, fresh soil is brought near the 
surface in the form of the fine particles or worm casts, together with 
inorganic matter which enriches the soil for plant growth. Finally, leaves 
and other vegetable matter which have accumulated in the burrows of 
earthworms and are not consumed later decay and add their humus to 
the layer of soil available for plant growth. In these ways, earthworms 
increase the fertility and productivity of soil for agriculture. 


The Snail 
The snail can be much bigger than the earthworm, and has a more 
complex body structure. It belongs to a group of animals called the 
Molluscs, and its body is soft but not segmented like that of the earth- 
worm. Although the common snail has a protective shell, there are 
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other animals in this group which have no such shell. The body tissues 
consist of three cell-layers like those of the earthworm, and the body 
also shows bilateral symmetry. The body is usually rather short and has 
a head region. There is also a muscular foot which is modified for move- 
ment. 

Molluscs show advancement in having a well-developed digestive 
tract, a circulatory system, kidneys for excretion, and a nervous system. 
We shall not be very concerned here with the internal structure of the 
snail since this is much too complicated for our present purposes, but 
will describe only the external features. As an example we shall describe 
the large African snail (Achatina), whose features broadly correspond 
to those of other snails. 

External Features. The common snail or Achatina (Fig. 28) is found 
in damp places, It has a striped yellow and brown shell which may grow 
to a volume of about 300 c.c. Most of the body of the snail is hidden in 
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Fig. 28. The snail (Achatina) 


the shell when the animal is at rest, but when it begins to move, the 
head and the foot come out. The head, which is fleshy, bears two pairs 
of tentacles or horns which can either be thrust out or withdrawn into 
the body; it has also a pair of eyes, borne on long hollow stalks or horns, 
and a mouth. The foot is a mass of muscular tissue under the shell. The 
latter is made of calcium carbonate secreted by special glands at the 
boundary, or collar, between the shell and the foot. The mouth has a 
pair of jaws, the bottom lip of which is split into two. Inside the mouth 
is a rasp-like tongue bearing many spikes. Since there are no teeth, 
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these spikes are used in grinding leaves by rubbing them against the 
horny roof of the mouth. There is a mucous covering over all the fleshy 
parts of the body and this may be exposed at one time or the other, so 
that mucus is secreted by slime-glands to keep the fleshy parts moist. 

To the right of the mouth and farther up the head is the opening of 
the reproductive organs called the genital pore. A large breathing 
opening, or respiratory pore, and a small anus are also present in the 
soft mantle margin at the edge of the shell. The respiratory pore admits 
air into the breathing chamber. 

Natural History. Apart from the water-snails, most common snails 
are active at night; during the day they normally hide in dark, damp 
situations beneath objects, in crevices, or in burrows. When the weather 
is dry they reduce loss of water from the body by secreting slime and 
mucus which hardens to seal the soft parts of the body inside the shell. 
In this way they rest until conditions become more favourable. A snail 
moves by gliding slowly on its foot and, before this is done, a large 
slime-gland below the mouth secretes mucus or slime on to the ground 
to ease movement. By alternately stretching and shortening the foot, 
the body is moved over the slime, leaving a ‘slime-trail’ behind it. The 
return journey to its hiding place is also made along this ‘slime-trail’. 

Snails feed on green vegetation which is first moistened by the secre- 
tion of saliva, before being held firmly by the jaw and broken up by 
movements of the spikes on the tongue. 

Reproduction. Snails are hermaphrodite, but generally cross-fertiliza- 
tion takes place as in the earthworm. Here, too, the procedure adopted 
for the exchange of spermatozoa between two snails is rather specialized. 
It begins with a mating performance in which a ‘dart’ is discharged 
from each of the two snails into the body of the other. Then the penis of 
each snail is inserted into the vagina of the other for the exchange of 
spermatozoa. After this, the two animals separate. Later, each of them 
lays eggs which are covered by round hard shells. These shells are about 
a quarter of an inch in diameter and are deposited in damp places or 
burrows. They hatch into minute snails, each with its own shell. The 
young snails are colourless at first but later darken to the adult colour. 

Economic Importance. Snails do severe damage to crops and garden 
plants and even to trees in areas where they exist in large numbers. 

Water snails carry bilharziasis, a weakening disease, transmitted to 
humans through the water the snails live in. 


SUGGESTED PRACTICAL WORK 


1. (a) Tape-worm. The teacher should contact the butcher for pork infected 
with tape-worm bladders. The class should examine a complete tape-worm 
and note the head (scolex), bearing suckers, and the chain of separate portions 
(called proglottides) which make up the body. 
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(b) Liver Fluke. Yt is sometimes possible to obtain specimens of this parasitic 
flat-worm from the local health authorities. The adult fiukes inhabit the bile- 
ducts of infected mammalian liver. 

2. Earthworm. (a) Collect some earthworms from damp soil and take them 
to the laboratory. Examine them, paying particular attention to the segments, 
the mouth, the clitellum, and the anus. The setae are better noticed if you 
draw the worm through your fingers. 

Note. The local species may differ in a few respects from the general 
description given above. Therefore, count carefully, with the aid of the 
teacher, to find out the segments on which the various apertures and organs 
are situated. - 

(b) Put the earthworm on a fairly rough surface and note the movements it 
makes. How does it progress? Is its locomotion like that of a snake or not? 
Does the animal have a head end and a tail end? Can earthworms move 
forwards and backwards? 

Place an earthworm on a piece of dry brown paper and listen very carefully 
as the worm begins to move. What do you hear, and how can you explain the 
sound? 

(c) It is possible to make further observations on the habits of the earth- 
worm by constructing a *wormery'. The most effective form of ‘wormery’ 
consists of two sheets of glass slotted into a narrow wooden frame. A 
*wormery' 9 in. x 11 in. x 4 in. will support two or three medium-sized 
earthworms. In setting up this apparatus try to build up layers of different- 
coloured soils. It is best to moisten each soil constituent before it is placed in 
the wormery. Be sure that each layer is firm and level before adding the next 
layer. Try to alternate fairly thick layers of farm soil with thin layers of sand, 
clay, chalk, and so on. At the very top, add dead leaves and other kinds of 
organic material, and take careful note of the things taken down by the 
worms. Try to keep the soil and humus damp without letting it become water- 
logged, and cover the glass sides with an easily removable brown paper sheet 
to exclude light. 

Make periodic observations of the wormery and note the amount of mixing 
of the various soil layers as well as the shapes of the actual burrows. 

Best results will be obtained if the wormeries are kept in a cool and shady 
place. (Note: Earthworms are nocturnal creatures—that is, they are usually 
active at night but not in warm, bright conditions.) 

The most satisfactory way to obtain earthworms for your wormery is to 
search for them at night, with the aid of a torch. 

3. The Snail. Obtain a snail from the market and examine it thoroughly; 
make a detailed description of its external features, following the account 
given in the text. 

Place the snail on a sheet of clean glass and observe its movement from 
beneath. How can it glide along so easily? 

With the aid of a hand-lens (see practical work suggestion 2(a) at the end of 
Chapter Four), try to discover the exact way in which the stalked eyes of the 
snail are protruded (pushed out) and retracted (drawn in). Make a series of 
diagrams to illustrate this movement of the eye-stalks, 

Can you find the mouth of the snail? What kind of food does the snail take, 
and how does it treat its food before taking it into its body? 


CHAPTER SIX 


Prawns, Centipedes, and S 


PRAWNS, centipedes, and spiders belong to a large group ofS à 
called the Arthropoda. In the same group are the insects, which, in fact, 
form a major part of the group. Other animals such as crabs, milli- 
pedes, and scorpions, which are well known to us in our daily life in 
the tropics, are also arthropods. 

External Features. All these animals have similarities which are 
worth examining. In the first place, the body is covered externally by 
a protective skeleton. This skeleton is a cuticle formed from a horny 
substance called chitin. The covering is usually thick, but is flexible at 
intervals on the body and on the limbs where joints are provided to 
allow movement; it also provides the support to which the muscles of 
the body are attached. The provision of joints on the limbs is by itself 
an important feature of this group of animals. 

In one way these animals appear to be similar to the earthworm; this 
is the division of the body into segments as well as the possession of 
bilateral symmetry. But it is possible to distinguish between them 
because, while the earthworm has as many as 150 segments, the 
Arthropoda are much shorter with only about twenty segments, some 
of which are often fused together. In the Arthropoda the jointed limbs 
occur in pairs on the segments which bear them, and at least one pair 
of these limbs is adapted to form jaws. 

These few external characteristics should make it possible to identify 
any member of the Arthropoda. There are a number of internal charac- 
teristics too, but we cannot easily study them at this stage. 

There are four major sub-groups making up this large group of 
Arthropoda. These are: the Crustacea, which include the crabs, prawns 
or lobsters, and barnacles; the Myriapoda, among which are the centi- 
pedes and millipedes; the Arachnida, which include the spiders, scor- 
pions, and mites; and the Insecta, among which we may mention the 
cockroach, the grasshopper, the butterfly, the mosquito, the house-fly, 
and the honey-bee. As indicated above, insects form an important sub- 
group of the Arthropoda. We shall describe here the external features 
found in the other three sub-groups before we consider the insects in 
greater detail in the next chapters. 


The Prawn 


The Crustacea, to which prawns, lobsters, and crabs belong, have 
their own features which distinguish them from other sub-groups of the 
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Arthropoda. Specific examples may be found in the list of practical work 
at the end of this chapter. In the first place, the body is divided into 
three regions, head, thorax, and abdomen. Some crustaceans have the 
front segments of the thorax fused with the head. Secondly, the first 
two segments of the head bear two pairs of long whip-like structures 
known as feelers. It is also typical to find that at least three limbs are 
modified to act as jaws. The Crustacea typically live in water—that is to 
say, they are aquatic—and breathe by means of gills or through the 
general surface of the body where the exoskeleton is thin. 

External Features. With these features in mind, a description of a 
prawn or lobster immediately shows us those features which it has in 
common with all Arthropoda and those it shares with other Crustacea. 
A prawn such as Palaemon (Fig. 29) has a thickened external skeleton 
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Fig. 29. A prawn (Palaemon) 


(exoskeleton) covering the entire body. The body is divided into a num- 
ber of segments, which are separated by soft joints, and to which 
muscles are attached. These muscles are in opposing pairs, so that when 
one muscle contracts the body is bent; when the other is contracted 
the body is straightened. The limbs are similarly arranged. 

_ When you look at the prawn you get the impression that the body is 
divided into only two parts. This is because the front part consists not 
of the head only, but of the head and the eight segments of the thorax 
fused together. This fused head and the thorax is known as a cephalo- 
thorax, and it is covered by the thick structure called the carapace. The 
remaining part of the animal is the abdomen. At the front of its head 
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the prawn has a sharp beak or rostrum; behind this are the two pairs 
of long antennae or feelers, a pair of stalked eyes, and the mouth. 
Around the mouth are structures modified as jaws and mouth-parts. 
The cephalothorax also has five pairs of jointed legs. The two pairs of 
antennae have different functions. The smaller kind, called the an- 
tennule, has two branches and is sensitive to touch, smell, and balance. 
The longer kind, called the antenna, is also sensitive to touch. 

The jaws and mouth-parts are made up of the next six pairs of modified 
limbs. The first ones are rather complex in form but farther back they 
begin to look more like true legs. We then come to the true legs on the 
cephalothorax. The first three pairs of these appear to be modified for 
picking up food particles in the water, while the last ones are more 
elongated and can be used for examining objects near the animal. 

When we remove the carapace we find that this structure covers the 
gills, which are contained in a gill-chamber (Fig. 30). The gills are 
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Fig. 30. Gills in the gill-chamber of the prawn 


feather-like structures and provide a large surface area for respiration 
by the absorption of oxygen from the water. 

The abdomen of the prawn has five or six pairs of swimming feet, or 
swimmerets, and a piece of unsegmented end-joint called the telson, 
which looks like a ‘tail’ for the animal. Indeed, the swimmerets on the 
last abdominal segment just before the telson are large and form the 
tail-fan. A swimmeret has two branches, each of which is flattened into 
the shape of an oar and helps the animal in swimming. The tail-fan also 
has the special function of enabling the animal to dart backwards by 
suddenly bending its body. 

Natural History. Because of the hard external covering, it is not pos- 
sible for the prawn to grow readily. Before growth occurs, the skeleton 
is shed and a new one is formed to take its place. This process is re- 
peated every time that growth takes place. The casting-off of the skeleton 
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is called moulting. Growth thus occurs while the animal is soft. The 
prawn can replace lost parts of its body during moulting and growth 

Prawns live in shallow waters and feed largely on dead organic matter, 
while those living in fresh water also feed on green weeds. When the 
breeding season approaches, the prawn swims into deeper water. In 
prawns, there are separate sexes, and the male produces spermatozoa 
which fertilize eggs from the female. After fertilization, the eggs are 
carried between the swimmerets of the female. Later, the eggs hatch 
into small creatures not very different from the adult. They remain 
clinging to the bristles on the abdomen of the mother. After a few 
months they grow into the adult form. 


The Centipede and the Millipede 
The Myriapoda, to which the centipede and the millipede belong, are 
noted for their caterpillar-like form. The body is made up of a number 
of similar segments, each with one or two pairs of legs. Centipedes have 
one pair of legs on each segment while millipedes (Fig. 31) have two. 
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Fig. 31. Centipede and millipede 
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They also have a distinct head which bears a pair of antennae, or feelers, 
and a pair of eyes. They differ from the Crustacea and are similar to the 
Insecta in that the respiratory system consists of air-tubes, or tracheae, 
which penetrate all parts of the body and open outside as holes, or 
spiracles, on the segments. 

Centipedes and millipedes live mainly in tropical or warm countries. 
Centipedes hide by day under stones or logs and hunt at night. They are 
carnivorous and feed on insects and worms, thus helping to reduce their 
numbers; they can also harm us by their dangerous bite. 

As indicated above, the body of the centipede consists of the head and 
a series of large segments which are flattened above and below. The 
head bears a pair of antennae, a pair of mandibles, and two pairs of 
maxillae. On the first segment of the body is a pair of poison-claws with 
ducts through which the animal ejects the poison to kill its prey. The 
prey is then chewed by the mandibles. Some tropical species are as long 
as seven inches and can inflict a very painful bite on man. However, the 
small, rather active ‘house centipedes’ feed on insects and are not harm- 
ful to man. 

On each of the other segments of the body except the last two there is 
a pair of small walking legs. Centipedes have separate sexes and lay 
eggs. The females have hooks on the last segment for holding the eggs. 

Millipedes live in damp, dark places on the forest floor or under 
rotting wood and tree trunks. They move rather slowly by using their 
numerous legs in a series of waves which progress from behind forwards. 
They can roll up into a spiral when disturbed. 

The millipede is a vegetarian and may destroy seedlings and the roots 
of crops. Although its bite is not poisonous, it can protect itself from 
its enemies by secreting an irritating fluid from its ‘stink-glands’, which 
are situated on the side of the body. 

The body of the millipede is cylindrical. Its segments are smaller and 
more numerous than those of the centipede. The millipede may be 
brightly coloured. 


The Spider and the Scorpion 

The Arachnida, of which the spider is a member, are characterized 
by the division of the body into two parts, called the prosoma and the 
opisthosoma, which correspond to the cephalothorax and abdomen in 
the Crustacea. There are no antennae or mandibles but there is usually 
a pair of eyes on the first segment. The prosoma bears a pair of grasping 
claws called pedipalps, and a pair of jaws called chelicerae, or falces, 
which in some orders bear poison-glands. The mouth-parts are adapted 
for sucking. There are also four pairs of legs on the prosoma. There are 
no appendages on the rest of the body. 

The spider is widely distributed throughout the world. The body (Fig. 
32) consists of a distinct prosoma and an opisthosoma joined together 
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Fig. 32. The spider 


by a narrow ‘waist’. The scorpion (Fig. 33), on the other hand, has a 
much longer opisthosoma which is clearly segmented. The chitinous 
body covering of the spider bears many bristles and hairs. The prosoma 
bears eight simple eyes, the mouth, the chelicerae or poison-jaws, the 
pedipalps and four pairs of legs. In scorpions the poison is not contained 
in the pedipalps but is secreted by a gland at the end of the body, i.e., 
on the opisthosoma, which ends in a powerful sting. The grasping claws 
(pedipalpi) are rather large in the scorpions. 

In the spider and scorpion the respiratory organs are adapted for 
taking in air directly and consist of thin sheets of the body wall, separ- 
ated like the pages of a book, and situated in cavities in the opisthosoma. 
They are called Jung-books and appear to have evolved from gills. 

The spider has three pairs of silk-spinning organs called spinnerets, 
which are situated on the lower surface of the opisthosoma near the 
end. Each of these opens through a hundred or more tiny tubes, and 
through these the silk is squeezed out. On reaching the air the silk har- 
dens into a thread and may be used in spinning the web, in lining nests, 
in making egg-cases, or in binding up prey. 

Spiders are carnivorous and feed on insects which they hunt or 
which they trap in their webs. The chelicerae in front of the mouth 
are used to seize the prey and then pour poison into it through their 
hollow tips. At the same time the pedipalps hold the prey whose body- 
juices are squeezed out for the spider to suck. 
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Fig. 33. The scorpion 


Growth takes place by moulting. Experiments have shown that 
spiders will regenerate maxillae, chelicerae, and spinnerets when these 
are damaged or broken off. The legs only regenerate to rather less than 
the original size. 

Spiders are solitary, and tolerate each other only when it is time for 
mating. After mating between the male and female, the latter lays eggs 
which hatch into minute spiders and after a few months these are fully 
grown. 


SUGGESTED PRACTICAL WORK 


1. Prawns. Obtain some local prawns. (In West Africa species of Palaemon 
and Atya are the common forms.) Make a drawing of one side only of the 
animal, showing all the appendages. Remove the mouth-parts and note their 
different shapes. Remove the carapace to expose the gills. Draw the gills. 

Where prawns, lobsters, or shrimps are not available, crabs can be studied 
in the same way. 
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2. Millipedes. Centipedes and millipedes belong to a group of animals called 
the ‘many-legged ones’ (Myriapoda), and it is quite an easy matter to find 
these creatures by searching beneath stones, underneath the bark of fallen 
trees, etc. However, it is also possible to find other animals called wood-lice 
in these situations, and it is quite easy to mistake wood-lice for centipedes and 
millipedes. (Wood-lice belong to the same group of animals as prawns, that is, 
the Crustacea.) 

When you have found a millipede or centipede, examine it in detail and ask 
yourself the following questions: 

(a) Is there a distinct head visible? If so, are there any eyes and appendages 
present? 

(b) Is the rest of the body divided into distinct regions such as thorax and 
abdomen, or not? 

(c) How many segments are there? 

(d) What is the total number of legs present, and how many pairs of legs 
are there on each body segment ? 

3. Spiders. (a) Search for a spider and a spider's web and watch how it spins 
its web. Try to observe the ways in which various spiders deal with flies which 
land on their webs; place dead flies on different spiders’ webs and watch how 
the spiders react. 

(b) When disturbed, many spiders drop downwards and so it is quite an 
easy matter to catch a spider by quickly bringing up a small jar beneath the 
animal. Invert the jar over a piece of white paper, and examine the live spider 
through the glass. 

What are the two distinct regions of the body called? How many legs does 
the spider have, and are they all used in walking? 

(c) Examine a dead spider with the aid of a hand-lens and answer these 
questions: (i) Where are the jaws? (ii) Are antennae present, or not? (iii) 
What shape are the pedipalps? (iv) How many and what kind of eyes does 
the spider have? 

(d) In what ways are spiders and scorpions similar in body structure? 


CHAPTER SEVEN 


Insects: The Cockroach, the Locust, 
and the Mosquito 


INSECTS are the most successful group among the Arthropoda and 
have considerable economic importance in our daily lives. The charac- 
teristics of insects are as follows: they have a jointed and chitinous 
exoskeleton. The body is segmented and the legs are jointed. Their 
bodies are divided into three regions: the head, thorax, and abdomen. 
The head bears a single pair of antennae, while on the thorax are three 
pairs of walking legs. The abdomen, however, has no walking legs. 
Respiration is carried out by means of air-tubes, or tracheae, and 
spiracles just as in millipedes and centipedes. While in some insects the 
young emerge from the egg in a similar form to that of the adult, in 
most insects the young ones pass through a series of distinct forms or 
stages before assuming the adult form. This process of transformation 
is called metamorphosis. 
The Cockroach 

We shall describe the cockroach to illustrate the essential characteris- 
tics of insects as outlined above. The cockroach is quite a convenient 
insect for this purpose since it is fairly large, easy to obtain, and has a 
rather simple structure when compared with a number of other types 
of insects. Many species of cockroach are found in the tropics, but a 
common one, called Periplaneta americana, is the one on which the 
present description will be based. 

External Features. The cockroach (Fig. 34) is a dark brown insect 
with a flattened body, about one and a half inches long. The body is 
divided into three regions: the head, the thorax, and the abdomen. The 
head and thorax are joined together by a narrow soft region known as 
the neck. The head is made up of six segments, although there is no 
sign of this externally; the thorax, however, consists of three distinct 
segments on which are borne the legs and the wings; some seven seg- 
ments may be counted on the abdomen, but these are legless. The head 
is small and flattened from front to back and is held almost at right- 
angles to the axis of the body. At the side of the head are the two large 
black compound eyes. These are similar to those of crustaceans, but are 
not carried on stalks. The eyes are able to record quick movements. 
From just below each eye arises a long whip-like feeler, or antenna, made 
up of many joints. The antennae are sensitive to smell and touch and are 
always being moved, particularly when they receive stimuli. 
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Fig. 34. External features of the cockroach 


The mouth-parts (Fig. 35) of the cockroach have a simple structure, 
The insect is omnivorous—that is, it feeds on plant or animal material. 
The mouth, as in crustaceans, is wide and there is a pair of biting jaws 
or mandibles. These are so shaped as to be suitable for biting any kind 
of food. Just outside the mandibles are two jointed structures called 
maxillae, each with two blades, together with another jointed structure 
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called the palp. There is a sort of lower lip called the labium below all 
these, and this has four blades and a palp on each side. The cockroach 
uses its mouth-parts for picking up pieces of food and carrying them to 
the mouth. Mouth-parts are adapted in different insects according to 
their mode of feeding, and we may remark here that, while the biting 
mandibles are large in the cockroach, they are small in the bee, and are 
virtually non-existent in the butterfly. 

The thorax consists of three segments, each of which bears a pair of 
jointed walking legs with hooked claws. The second and third segments 
also each bear a pair of wings. The three segments are called prothorax, 
mesothorax, and metathorax. In the cockroach the prothorax is very 
large and its large covering protects the head by overhanging it. It also 
bears a breathing pore, or spiracle. The first pair of wings are thick and 
horny, while the second pair, which is folded like a fan under the first 
one when the insect is at rest, are membranous. 

The abdomen consists of ten segments, each of which has a chitinous 
plate separated from the next one by a soft membrane. This acts as a 
joint and allows movement of the abdomen. At the side of each ab- 
dominal segment, except the last two, are pairs of breathing pores, or 
spiracles. The anus is on the last segment and on each side of it is one of 
a pair of structures called the cerci. 

It is possible to distinguish between the male and the female cock- 
roach by examination of the end region where structures associated with 
reproduction are found (Fig. 36). In the male these are paired rods 
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Fig. 36. End-parts of the male and female cockroach 


called styles very near to the cerci. The abdomen of the male is generally 
narrower than that of the female. The female is distinguished by the 
possession of a genital pouch, below the seventh segment, which holds 
the egg-case before the eggs are laid in it. : : 1 
Respiration. One characteristic feature of insects is their mode of 
respiration. We have already mentioned the presence of paired spiracles 
on eight segments of the abdomen and on two of the thorax. These 
breathing pores lead to a series of branched tubes called tracheae, or 
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tracheal tubes, which are distributed throughout the body (Fig. 37). 
Oxygen reaches the cells of insects directly through this system without 
being carried by a blood-system. When the cockroach is dissected it is 
possible to see parts of the tracheal system looking like white lines. 

Life-history. As mentioned, the sexes are separate in insects. The male 
produces sperm from the testes and eggs are produced in the ovaries of 
the female. The sperm is deposited in the oviduct to fertilize the eggs 
internally. After that, a shell is secreted round each egg which is then 
laid in the egg-case (Fig. 38) carried in the genital pouch of the female. 
The case is later hidden in a suitable place, usually a dark or obscure 
corner. 
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Fig. 38. Egg-cases of cockroach 


The development of the young in the cockroach is said to show in- 
complete metamorphosis. (Other insects like the butterfly show com- 
plete metamorphosis.) This is because when the eggs hatch the young 
nymphs which emerge resemble the adult cockroach except that they 
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are small, and have no wings or sexual organs. After a few months 
these structures are formed and a fully developed cockroach is produced. 

Habits. As mentioned above, cockroaches avoid the light and keep 
to dark places. They are most active at night. It is possible that their 
rather large eyes are not of much use and it appears that they rely more 
on their long antennae which they move about to smell and to feel their 
way. It is common to find the cockroach cleaning its antennae by drawing 
them through its jaws. It also grooms its wings with its legs. When in 
danger or when frightened the cockroach secretes a substance with a 
very unpleasant smell. 

Economic Importance. Cockroaches are well known in our houses as 
they often hide in dark places during the day and come out at night. 
They do not carry any particular disease, but they deposit their faeces 
on exposed food and in this way can spread germs to us. Their presence 
is an indication that the house is dirty. They are also our enemies since 
they may feed on our clothing and books which cost us money to replace. 
Cockroaches are easily transported long distances without our know- 
ledge, along with boxes in which goods are packed. This is why the 
domesticated cockroach is found all over the world. 


The Grasshopper or Locust 

The name grasshopper refers generally to the green, long-horned 
insect which lives by itself and only occasionally migrates, while the 
name locust is applied in the proper sense to the short-horned green or 
sandy-brown types that live together in large numbers and often 
migrate in swarms from place to place. There is little difference in their 
actual structure and the two types of insect are often described under 
one name. 

The grasshopper (Fig. 39) is very similar to the cockroach in struc- 
ture, and both mouth-parts are adapted for biting or chewing. The 


Compound 


Fore-Wing 


Mouth-parts 


Three Legs 
ABDOMEN on THORAX 


Fig. 39. The grasshopper or locust 
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fore-wings are also modified into long, hardened structures. These over- 
lap the hind-wings, which are membranous. They often bear a pair of 
long antennae on the head and a pair of jointed cerci on the abdomen. 
Finally, they undergo a gradual or incomplete metamorphosis from the 
nymph stage to the adult, as does the cockroach. 

Mode of Life. Grasshoppers are found practically all over the world 
in open, sunny places such as grasslands, weed-patches, gardens, and 
farmlands, and in road-side vegetation. They feed on grasses and other 
leafy vegetation, especially those containing a large quantity of mois- 
ture. When food becomes scarce they migrate to new grounds, often 
very far away. During their migration they can destroy whole gardens 
or farms. Grasshoppers are able to feed on wood and clothing when 
vegetation is not obtainable. 

The mode of movement or locomotion is characteristic in the grass- 
hopper. Unlike the cockroach, the grasshopper has more powerful eyes 
suitable for the daylight, when it ‘hops’ actively with the aid of its long 
jumping legs. These often help it to escape from its enemies. But in fact 
the colour of the grasshopper gives it what is called ‘protective color- 
ation’ against its enemies. The green forms often rest or feed on green 
bushes, whilst the sandy-brown forms rest on the ground. The enemies 
which feed on the adult grasshopper include frogs, reptiles, birds, and 
mammals, as well as some large insects. 

Grasshoppers are noisy, but practically all the noise comes from the 
male insect, since the female has no organs for the purpose. The male 
has a row of tiny pegs on the inner surface of each of the long hind-legs. 
When it moves these against the hard veins of the first pair of wings the 
familiar chirping noise is produced. Other types of the insect make 
noises by rubbing together the inner edges of the first pair of wings. This 
noise helps to bring the male and female insects together when the time 
comes for mating. 

Life-history. During mating the male insect clings to the back of the 
female and transfers spermatozoa into the vagina. After fertilization the 
eggs are stored for some time by the female before they are laid. Adults 
die soon after the mating period. The female uses her ovipositor (a stiff, 
slightly curved tube on the abdomen) to make a hole in the ground in 
which about thirty eggs are deposited. The female also secretes a sub- 
stance to form egg-cases to protect the eggs. Later the eggs hatch into 
the young or nymph stage. These nymphs are sometimes also called 
‘hoppers’. They have large heads and no wings, and grow rapidly as 
they feed actively on leafy vegetation. They moult six times before be- 
coming fully grown adults. 

Economic Importance. The grasshopper does damage to our crops and 
flowers. Particularly when grasshoppers migrate in large numbers, they 
can eat all types of crops and thus destroy whole farms. These migra- 
tions are watched so that steps can be taken to check them. One way of 
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checking them is to spread in their way poisonous bait on which the 
nymphs and adults feed. Low-flying aeroplanes are often used in spray- 
ing poison over them. It is also possible to control them by ploughing up 
weed fields to expose their 
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The Praying Mantis 

The praying mantis (Fig. 
40) is another common insect 
closely related to the grass- Long 
hopper. It gets its name from Thorax 
the position in which it rests, 
which looks as if it was pray- 
ing. The praying mantis has 
arather long first segment of 
the thorax. It feeds on insects 
and, when waiting for its 
prey, stays quietly on its last 
two pairs of legs, waves its 
antennae around, and moves 
its head from side to side. It 
also draws its fore-legs be- 
neath the head, and when its 
prey is within reach these are 
shot out to seize it. 


The Mosquito or Gnat 

While mosquitoes are 
found all over the world, 
there is no doubt that they 
are best known in the tropics, where they have considerable economic 
importance, mainly as a result of the diseases they carry, such as malaria, 
yellow fever, dengue fever, and filariasis or elephantiasis. These diseases 
are transmitted by the mosquito biting and sucking blood from an in- 
fected person and giving the disease later to another person through 
another bite. 

It should be pointed out, however, that all this is done by the female 
mosquito, for while both the male and female can feed on nectar or 
other sweet juices from plants, it is only the female which in addition 
can feed on blood. It is claimed that the female mosquito has a greater 
tendency to suck blood in the tropics than in temperate climates. 

This is probably why the incidence of malaria is so high in the tropics, 


Fig. 40. The praying mantis 
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with particular reference to the West Coast of Africa where less than a 
century ago very many Europeans died from the fever. This gave to the 
Guinea Coast the name of ‘White man's grave’, but thanks to the dis- 
covery of quinine and similar drugs the West Coast is now virtually a 
‘White man's paradise’. Africans are generally immune to yellow fever 
as a result of their contact with the disease. Other people have to 
acquire immunity by innoculation which must be repeated every few 
ears. 

2 Structure and Mode of Life. Mosquitoes belong to the order of 
Diptera, which are characterized by having only a single pair of wings. 
The buzzing noise with which mosquitoes disturb us at night is due to 
the beating of their wings and not to ‘singing’. There are three well- 
known names among the mosquitoes: these are Anopheles, the carrier of 
malaria; Culex, the carrier of filariasis or elephantiasis; and Aedes, the 
carrier of yellow fever. These belong to only two families of mosquito: 
Anopheles to the family Anophelines and the other two, Culex and Aedes, 
to the family Culicines. 

Mosquitoes of these two families can be distinguished by the position 
in which the abdomen is held when at rest, for in the case of the Anophe- 
lines the abdomen is held upwards, whereas in the Culicines it is held 
parallel to the surface of the object on which the insect is resting (Fig. 
41). Aedes can further be distinguished by white stripes on a black body. 
In the male the antennae have a feathery appearance, in the female 
they are more thread-like and the proboscis is longer. 

As already mentioned, it is the female mosquito which sucks blood; 
she is well adapted for this purpose. When the female mosquito 
bites she pierces the victim’s skin with her sharp proboscis and, before 
sucking up any blood, injects into the wound a little saliva which pre- 
vents the blood from clotting. Disease germs pass into the blood-stream 
along with the mosquito’s saliva. 

Life-history. The three kinds of mosquito mentioned above have very 
similar life-histories (Fig. 41), although they differ slightly in their 
breeding places. The eggs of the mosquito are laid on the surface of 
standing water, but quite often those of Anopheles are found in pools 
and at the edges of streams, those of Culex in any standing water, and 
those of Aedes in tins, water-tanks, and other containers near the house. 
In addition, eggs may be found in any position where water collects, 
such as the hollow formed in the axis of leaves of grass, banana, and 
cocoyam, and in tree trunks. Since mosquitoes hide in dark places, 
standing water in such places seems preferable to them for breeding. 

The eggs of the mosquito are boat-shaped, but while those of 
Anopheles are laid singly and each have a small bulge—the air-float— 
those of Culex and Aedes are stuck together and look like a small raft. 
After a day or two the egg hatches into the larva which moves in rapid 
jerks. Its body is divided into head, thorax, and abdomen. On the head 
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Fig. 41. Habit and life-history of Anopheles and Culex mosquitoes 
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can be seen the eyes and mouth, the latter bearing small brush-like 
structures on either side to aid in directing food from the water into the 
mouth. The thorax is not segmented but the abdomen is divided into 
nine segments, on the last of which is situated a bunch of hairs. On the 
last but one segment is a long tube (which is rather marked in the Culex 
larva) used in breathing. 

When the larva is ready to breathe or take in food it comes to the 
surface of the water and pushes the breathing tube through. The larva 
of Anopheles floats horizontally in the water while that of Culex hangs 
with its head and body downwards. The larva undergoes a series of 
three or four moults and lives for about ten days, after which it changes 
(that is, undergoes metamorphosis) into the pupa or resting stage (Fig. 

The pupa is shaped rather like a comma with a large *head' (which is 
really the head and the thorax together) and a narrow abdomen. There 
is no mouth but there are two breathing tubes on the top of the head, 
by which the pupa normally hangs on the surface of the water. On 
being disturbed, it swims rapidly by wriggling movements downwards 
into the water, 

The pupa does not live as long as the larva, for after about two days it 
undergoes another metamorphosis, involving as usual a casting of its 
skin, and the adult mosquito, or imago, emerges. Shortly after emer- 
gence the wings harden and expand and the mosquito begins to fly 
about and feed. It normally lives for about a fortnight during which 
time the female, after mating with the male, lays eggs which begin the 
life-cycle over again. 

Economic Importance. Owing to the great danger of the mosquito 
carrying the diseases mentioned above, with the resultant toll of human 
life and reduction in efficiency, various steps are taken to control its 
activities. Both preventive methods directed against the mosquito 
which carries the germ of the disease and curative measures against the 
germ causing the disease are used. The curative methods will be dealt 
with first. Before these can be properly understood, something must be 
said about the germ itself. 

The germ or parasite of malaria is a minute single-celled organism 
(protozoan) called Plasmodium which lives in the blood of the infected 
person (see Fig. 6). When such a person is bitten these parasites, 
together with the blood, are sucked into the stomach of the mosquito. 
There they undergo multiplication and the young parasites pass to the 
salivary glands where they are stored until the insect bites another 
person and introduces some of them into his blood. Drugs are now 
available that kill the parasites when they get into our blood. Quinine 
was the first to be discovered but now we have drugs like ‘Mepacrine’, 
"Daraprim', *Paludrine', and others. 

Since prevention is better than cure, it is to the preventive measures 
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against the mosquito that we must all pay more attention. The more 
important of these are the draining of breeding places and the destruc- 
tion of the larvae, and not merely the use of mosquito-nets. Every effort 
should be made to remove likely breeding places, such as swamps, bush 
near houses, and old tins. 

Any large quantity of water for use should be effectively sealed. As 
for the destruction of the larvae, the usual method is that of spraying 
kerosene to form a film on the water. Being a paraffin, the kerosene 
lowers the surface tension of the water so that it is no longer able to 
support the larvae when they come to suspend themselves on the surface 
in order to breathe. The larvae therefore sink in the water and are suffo- 
cated, Another method that has been used where drainage is impractic- 
able consists in introducing fish which feed on the mosquito larvae (see 
Fig. 9). As for the adult mosquitoes, insecticides like D.D.T. and 
‘Gammexane’ can be employed to reduce their numbers in the house. 

From these considerations it is clear that the mosquito is of consider- 
able economic importance, particularly in tropical areas. Because of the 
mosquito we spend money on ‘Paludrine’ and similar drugs, on mos- 
quito-nets and on insecticides, and we spend time in destroying breeding 
places. Ill-health caused through malaria makes us less efficient and 
may stop us from working altogether, and there are some interesting 
historical examples of the way in which the mosquito has disorganized 
man's schemes. For example, during the construction of the Panama 
Canal, work had to be temporarily stopped because of the toll in human 
life and energy from mosquito-borne diseases. The breeding places in 
the neighbourhood had to be eliminated and the number of mosquitoes 
reduced to vanishing point before work could be continued to com- 
pletion. 


SUGGESTED PRACTICAL WORK 


1. The Structure of Insects. Try to make your own collection of each of the 
insects described in this chapter and to study them at first-hand. Also make 
your own observations, keep a record of where the insects are found, and 
watch their behaviour in such environments. (Note. It is not necessary to 
study the individual joints of the mouth-parts or other limbs.) To obtain 
mosquitoes, place a jar of water containing a rotten leaf in a shady place, 
and examine it daily until you find mosquito eggs in it. Then cover it with a 
cloth and watch the stages of development as in No. 3 below. Use the adult 
stage for studying the parts of the mosquito. 

2. Preservation of Insects. If, after examining the living insect, you wish to 
study the parts more closely, kill it with chloroform in a bottle with a close- 
fitting screw cap. Pass a pin through the thorax and fix it on a board. To 
store the insect after study, use 70 per cent alcohol or 5 per cent formalin, 
but it is often best to preserve it dry. To do this, first put the insect in a 
desiccator for a few days to dehydrate it and then place it in an insect-proof 
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box and paint it with mercuric chloride dissolved in alcohol. Give the scien- 
tific and common names of the insect on the label, as well as the date of 
collection. 

3, Study of Life-history. You can also study in the laboratory the life- 
history of any of the insects in which you are particularly interested. For this 
purpose a simple breeding case, such as an aquarium or even a jam-jar 
covered with wire mesh, can be used. Place it in water to prevent disturbance 
by ants. It is possible to obtain the various stages from the egg to the adult 
in a breeding case like this. Ensure that adequate quantities of fresh plant 
material are provided daily for the nourishment of the larval stages of the 
insects. It is necessary to clean out the breeding case every few days. 

4. The Cockroach, Search for the egg-cases of the cockroach in dark, 
sheltered places—for example, beneath window-ledges, table-tops, and cup- 
board shelves—particularly in kitchens. The egg-cases are up to 4 in. long, 
and very dark brown. Place one egg-case in a screw-top jar and observe it 
every day. How many small cockroaches (nymphs) hatch out of the case? Can 
the small cockroaches fly ? 

5. The Grasshopper or Locust. (a) Examine the long hind-legs for the organs 
used in producing sound. 

(b) Obtain some locusts and carry out various feeding experiments with 
them. Feed one group of insects on dry grass, another group on fresh grass, 
and a third group on dry bran. Weigh the locusts at the start of the experiment 
and thereafter at weekly intervals. Which group of locusts gains most weight ? 
(Locusts can be conveniently weighed in a muslin bag.) 

6. Mosquito. Fill a jar with water containing mosquito larvae and pupae, 
and spread a little kerosene or oil on the surface of the water. Note how long 
the larvae and pupae survive. 


| 
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CHAPTER EIGHT 


Insects: The House-fly, the Tsetse-fly, 
and the Citrus Butterfly 


The House-fly 
THE house-fly, Musca domestica (Fig. 42), is an insect belonging to the 
same group (Diptera) as the mosquito and the tsetse-fly. As mentioned 
above, these insects are noted for possessing only one pair of wings. 
Their mouth-parts, such as the labium, which usually forms a long 
proboscis, are also adapted for sucking or piercing. 

There is probably no insect more commonly encountered in daily life 
in the tropics than the house-fly, which interferes so much with our food. 
The body of the fly is grey in colour with black streaks, and is covered 
with bristles that give it a hairy look. It is divided into the three parts of 
head, thorax, and abdomen, as with all insects. The compound eyes are 
particularly large and in addition there are three small simple eyes on 
top of the head. The two antennae are rather short. The mouth-parts are 
much modified, forming a tube or proboscis for sucking. 

On each of the three segments of the thorax there is a pair of jointed 
walking legs, with two small claws at their tips which help in walking 
on rough surfaces. Two small pads are found between the claws (Fig. 
43), and these secrete a sticky substance which attaches the fly firmly to 
its support when walking on smooth surfaces, even when its body is 
upside-down. The single pair of wings are found on the second segment 
of the thorax. These wings are held horizontally along the abdomen 
when the insect is resting. The abdomen is rather short and appears to 
have only four segments. 

Mode of Life. The house-fly lives on fluid foods and its mouth-parts 
are adapted to the nature of the food. The long proboscis is not simply 
pointed at its tip, but has two flaps at its end with grooves along which 
the fluid from the food runs into the main tube (Fig. 44). Although the 
fly seems adapted only to fluid foods, it can also tackle solid foods 
which are fairly soluble, such as sugar. In this case, by exuding a drop 
of fluid from the alimentary canal through the proboscis, the fly first 
dissolves the sugar at one spot and then sucks up the resulting solution, 
This habit of ‘vomiting’ fluid from the gut and the fact that the fly may 
feed on decomposing or faecal matter, explains why the house-fly is 
such a disseminator of diseases, particularly those of the alimentary 
tract. 

Life-history. The female fly lays her eggs in any decomposing matter, 
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such as a rubbish-heap, and five or six batches each of about a hundred 
eggs may be laid. The eggs are small and white and, after about a day, 
they hatch out into the larvae or maggots (Fig. 45). These have neither 
head nor legs and the body, which consists of twelve segments, tapers 
from the hind end to the front. A hooked structure situated on the first 
segment enables the larva to crawl along and to feed, not only on liquid 
food but also on solid organic matter which is first liquefied by enzymes. 


Posterior 
Spiracie 


Anterior 
\Spiracie 


EGGS LARVA 
Fig. 45. Stages in the life-history of the house-fly 


The larva may make its way farther into the rubbish-heap and is able 
to breathe by means of a pair of spiracles situated at each end of the 
body. 

At pupation the body of the larva contracts and the skin hardens and 
turns brown. One peculiar feature here is that in the larva, after the 
second of the two moults which take place, the skin is not shed but 
continues to enclose the pupa. This is the brown covering called the 
puparium. Very considerable changes then take place in the body of the 
pupa which after about four days changes into the adult, or imago, 
inside the puparium. The imago has to free itself from this covering and 
to do this it uses a bladder-like structure filled with blood which pro- 
jects from the front of its head. After breaking through the puparium 
the adult fly emerges. 

Economic Importance. As already mentioned, flies will feed on any 
fluids, including decomposing organic material and even faeces. Thus, 
before settling on our food, a fly may already have been contaminated 
with filth, This may be on the sticky pads of the feet or on any part of 
the hairy body, since particles of dirt easily cling to its surface. Apart 
from the dirt on the outside of its body, the fly can also ‘vomit’ out filth 
from its alimentary canal on to our food when it wishes to feed. This 
habit can bring all sorts of bacteria to us when we eat food contami- 
nated in this way, and diseases like diarrhoea, typhoid fever, cholera, 
and dysentery are all spread by the house-fly. 

The female house-fly seeks dead organic matter in which to lay her 
eggs and, in order to reduce the fly population in our area, we should 
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make sure that we destroy any such rubbish, preferably by burning, 
since it is not effective merely to bury it. Food should not be left exposed 
but should always be kept covered until required. When there is any 
food left over it should not be thrown away haphazardly but should be 
placed in covered refuse tubs. Faeces should be disposed of immediately, 
and eyen in latrines the holes should always be covered after use. Fly- 
traps are also very useful if well maintained. 


The Tsetse-fly 
The tsetse-fly (Fig. 46) belongs to the same group, the Diptera, as the 
house-fly, and is thus basically similar to the latter in a number of ways. 


Proboscis 


Fig. 46. The tsetse-fly (Glossina palpalis) 


One way in which the tsetse-fly can be distinguished from the house-fly 
is that when at rest one of its wings lies across the other, like a pair of 
scissors. The tsetse-fly is found throughout tropical Africa, and even in 
parts of South Africa, where it has considerable economic importance 
in spreading a chronic infectious disease, which can be fatal, called 
sleeping sickness. There are some three or four species of the insect 
which are known to spread the disease, but a notable one is Glossina 
palpalis (Fig. 46). 

Mode of Life. The tsetse-fly is a blood-sucking insect which lives 
where shade and water are available, such as woods and forests and the 
banks of rivers or standing water in the dry savannahs. The insects 
cannot tolerate strong light and are much attracted by moving objects. 

The fly carries large numbers of the organism which causes sleeping 
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sickness. This is the protozoan parasite Trypanosome (Fig. 47) which is 
transmitted to mammals, especially man and cattle, as well as to other 
animals such as birds and reptiles, when the insect sucks blood during 
its bite. When the trypanosomes get into man or cattle they multiply in 
the blood-stream within a few weeks and pro- 
duce waste products (toxins) which cause sleep- 
ing sickness. 

It should be remarked, however, that not all 
mammals infected with the parasite suffer from 
the disease. This in fact means that these ani- 


Flagellum 


mals, such as antelopes, may be a source of Undulating 
danger to us because they can act as reservoirs Membrane 
for the parasite. In this way an uninfected tsetse- 
fly may become infected when it bites such an 

Nucleus 


animal and may then pass the parasites on to 
man. 

The mouth-parts of the tsetse-fly are adapted 
for sucking. When the fly bites it thrusts its 
proboscis into the skin of its victim and draws 
in blood. This enters the fly’s stomach and, if its Fig. 47. The TEVDAHOSUÉ 
victim is already infected, some of the parasites parasite 
are also ingested. The parasites multiply in the 
insect and finally collect in the salivary glands. When the fly bites a 
healthy person the parasites are introduced into his blood-stream and 
produce sleeping sickness. The name ‘sleeping sickness’ was given to the 
disease because of the somnolent condition of the patient in the terminal 
stages. In the end the patient 
may die. 

Life-history. (See Fig. 48.) 
Mating between the male and 
female tsetse-fly results in only 
one egg being fertilized in the 
female, and instead of laying 
this egg the female keeps it in- 
side her body until it hatches 
into the larva. About eight 
days later the larva is then 
*born' in a dry, shady spot. It 
is worth noting that this habit of keeping the young one in the body of 
the female until it is well advanced before ‘bringing it forth’ is typical 
not of insects but of mammals, as we shall see later. It is called vivipary. 

The larva of the tsetse-fly is a white, cylindrical object with two knobs, 
bearing breathing pores. It quickly makes itself a tunnel about two 
inches deep and burrows into this to undergo a series of moults. After 
about ten days, in warm weather, it changes into a pupa, and this stage 


Fig. 48. Stages in the life-history of the tsetse-fly 
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lasts for about three weeks before giving rise to the adult fly. As soon 
as the adult fly emerges from the pupal case, it climbs up its tunnel to 
the surface, where it dries its wings and flies away. 

Economic Importance. The tsetse-fly, as mentioned above, has con- 
siderable economic significance in tropical Africa mainly as a result of 
the sleeping sickness which it transmits. 

Firstly, because of the weakness and general reduction in health and 
output which the disease brings, the patient is rendered useless for his 
normal duties. This means a loss of a considerable sum of money 
throughout the year by the country; productivity is thereby reduced. 
Secondly, sleeping sickness kills hundreds of people each year. In 1903 it 
killed nearly a quarter of a million of the inhabitants around Lake 
Victoria in East Africa. The disease also kills thousands of cattle. 
The latter means the loss of a great quantity of meat which provides us 
with much of our protein. This is one main reason why tropical Africa 
is so poor in this vital food substance. Ultimately this means poorer 
health for the inhabitants. 

Finally, because of the tsetse-fly and sleeping sickness, it has not been 
possible to inhabit and develop large areas in tropical Africa. As a result 
a large amount of the wealth of the country is locked up in these areas. 
In parts of Northern Nigeria whole populations have had to move from 
badly infected areas. Since the population is increasing in tropical 
Africa and considerable information on the life-history and mode of life 
of the tsetse-fly is now available, various countries in Africa are spend- 
ing money to open up these areas. 

The most effective method of control has been that of clearing low 
bush, which provides shade and maintains dampness along river-banks 
and other breeding places of the insect. In Northern and Upper Ghana 
this has been successfully done in recent years. Another worth-while 
method of control has consisted in killing off all the antelopes in areas 
where cattle are bred in large quantities. This has been tried in parts of 
East Africa. It destroys the potential source of supply of the parasites. 
Drugs are available for the treatment of man and animals during the 
early stages of the disease. It is also wise to avoid spending too much 
time in places that are favourable to the breeding of the tsetse-fly 
without adequately covering the body. 


The Citrus Butterfly (or Common Papilio) 


The order Lepidoptera is a group which includes the moths and 
butterflies and, as the name implies, its members are distinguished by 
the numerous tiny scales which cover their bodies and wings. These 
scales contribute to the brilliant colours of many butterflies, either by 
those coloured substances called pigments which they may contain, or 
by their action in separating white light into its many constituent 
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colours, which they reflect. The bright, iridescent colours of many 
butterflies are produced in this second way. 

Butterflies and moths are very similar in structure and life-history, 
but there are a few striking differences (Fig. 49). In the first place, while 
butterflies may be found flying about during the day moths are generally 
found only at night. Again, butterflies have thin, delicate bodies and 
bright coloration, whereas moths have rather drab, thick bodies and 
dull coloration. We can also distinguish between them by examining 
them when at rest, for in this position the wings of the butterfly are 
found to be folded vertically over the back, while in a moth the wings 
lie horizontally. 
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Fig. 49. (a) A butterfly: (b) a moth 


On closer examination we find more differences. An obvious one is 
that while the antennae of butterflies have knobbed tips, those of 
moths are rather pointed as well as being feathery. Furthermore, while 
the fore- and hind-wings of a butterfly are separate and not joined in 
any way, the situation is different in the case of a moth, where the fore- 
and hind-wings are locked together. A common tropical moth is the 
oleander hawk moth. 

Butterflies and moths pass through a rather complicated life-history 
which involves three sharply defined stages. This constitutes complete 
metamorphosis. The eggs develop to form those larvae which we call 
caterpillars; these usually have elongated, worm-like bodies, a number 
of legs and claspers, and biting mouth-parts which enable them to feed 
on the leaves of plants. The larva feeds very actively, and it is during 
this phase that the principal growth of the insect takes place. Eventually, 
the larva ceases to feed, and its movements become more sluggish and 
finally cease altogether. At this point the larva passes into the next 
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stage, which is known as a pupa, or chrysalis. This is a resting stage 
during which the body of the larva becomes transformed into that of 
the adult insect. 

Finally, the adult insect emerges from the tough casing which pro- 
tects the pupa. The insect does not increase greatly in size during the 
rest of its life. Butterflies and moths feed on the nectar in flowers, which 
they reach with mouth-parts modified into a long, coiled sucking-tube. 

Those butterflies which are known as citrus butterflies, or citrus swal- 
low-tails, present a fairly typical life-history which will serve to illustrate 
the features of the order Lepidoptera as a whole. These butterflies 
belong to the genus Papilio and the full scientific name of the species 
which we are going to describe is Papilio dardanus. 

Mode of Life. Citrus butterflies (Fig. 50) can often be found in large 
numbers during a dry period of the year in the neighbourhood of orange 
and other citrus fruit trees. They are beautifully coloured, with a general 
colour of greenish black with yellow patches. (There is also the green- 
banded Papilio which is similar to the common Papilio, but has blue- 
green patches in place of yellow ones.) A little tail is found at the end of 
each wing and near this is a red and blue spot. They feed by sucking 
nectar from garden flowers and the flowers of citrus trees by means of 
their long proboscis. 

Life-history. The life-history of the citrus butterfly (Fig. 50) begins 
when the adult females lay their eggs on the underside of the leaves of 
a citrus tree, in order to be protected from damage that may be caused 
by rain or the heat of the sun. The newly laid eggs are tiny, rounded 
white or greenish-white structures which hatch within a few days into 
the larvae or caterpillars. The larva has powerful mandibles which help 
it to feed on the egg-shell and the young leaves. 

The body of the caterpillar is worm-like in appearance and rather soft 
and is made up of the head and the main body, which is divided into 
thirteen segments. The first three of these segments form the thorax and 
the remaining ten the abdomen. Each of the thoracic segments bears a 
pair of jointed legs and from the third of the abdominal segments to the 
sixth are four pairs of ‘pro-legs’, while at the end of the body there is a 
pair of clasping legs. It is by means of these legs that the caterpillar 
walks and holds itself on leaves and branches. Breathing takes place 
through spiracles. The caterpillar is at first coloured brown with yellow 
or white marks, but later turns green with white stripes. On the head 
are six small simple eyes, instead of the compound eyes of the adult. 
When the caterpillar is disturbed or frightened it shoots out two red 
horns from its head. 

After a few days the caterpillar undergoes moulting. This involves 
the splitting of the skin covering along the back near the head and the 
emergence of the caterpillar from the covering. This is necessary since 
the skin is not elastic and growth of the caterpillar would otherwise be 
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Fig. 50. The life-history of the citrus butterfly 
Reproduced from Animal Life in the Tropics by E. M. P. Walters (Allen & Unwin) 


90 INSECTS: HOUSE-FLY, TSETSE-FLY, CITRUS BUTTERFLY 


impeded. Moulting is repeated three or four times, and after each moult 
the caterpillar feeds actively and grows rapidly. After about three 
weeks, the caterpillar is about one and a half inches long, and at this 
point it stops growing and is ready to change into the next stage. 

Before changing into the next stage the fully grown caterpillar leaves 
the leaf and finds a more solid part of the plant, such as the stalk of a 
leaf or a twig. There it spins a covering of silk (called a cocoon) round 
itself. The silk comes from silk-glands in the head of the caterpillar, in 
the form of a fluid which hardens when dry to form silk. Inside the 
cocoon the caterpillar undergoes a final moulting, but this time quite a 
different structure emerges. This is the pupa. It has a number of the 
features of the adult butterfly and is much shorter than the caterpillar. 
The pupa is usually brownish in colour with flecks of green, and this 
protective coloration enables it to merge with the stem to which it is 
attached. The pupa consists of a hard case and is fixed at the hind end 
to a branch and supported at the top end by a silken thread. 

The pupa is merely a resting stage, and it remains virtually motionless 
while the organs of the adult butterfly are being formed. In fact the 
wings, eyes, antennae, and feeding apparatus of the adult may be seen 
through the skin of the pupa after about a week. This activity completed, 
the pupa undergoes a change into the adult, or imago. As mentioned 
above, the changes from one developmental stage to the other, such as 
the change from the caterpillar to the pupa, and from the pupa to the 
adult, are referred to as complete metamorphosis. In the change from 
pupa to imago the silky covering of the pupa splits along its upper 
surface and the young imago with small crumpled wings crawls out. 
After resting for about two hours, it slowly stretches its wings and is 
able to fly off. 

Economic Importance. The citrus butterfly is a pest on young citrus 
trees, for the caterpillar destroys the leaves. This may result in poor 
development and reduced fruiting. 


SUGGESTED PRACTICAL WORK 


1. The House-fly. (a) Examine the parts of the house-fly with the aid of a 
hand-lens. Remove one of its legs and examine them under the low power of 
the microscope, noting particularly the claws and the sticky pad. 

(b) To obtain house-flies, expose decaying food for some days until eggs 
are laid on it by visiting house-flies. Then cover it with a glass jar and watch 
the stages of development; examine the eggs, larvae, and pupae of the fly. 

By careful and consistent observation (that is, examination at regular 
intervals) it is possible to calculate the actual duration of each stage in the 
life-history of this insect. Experiments can be devised to test the effect of 
temperature and light on the duration of the egg stage, the larval stage, and 
the pupal stage. Results should be recorded as follows: 
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x house-fly eggs hatched in y days at a temperature of z degrees, 


Class results can also be recorded in graph form, 

2. The Tsetse-fly. In studying the parts of the tsetse-fly note the piercing 
mouth-parts and how the wings.are folded. 

3. The Butterfly. (a) Catch a butterfly with the aid of a net at the end of a 
long stick, kill it with chloroform and mount it on a setting board (Fig. 51). 
The latter is made of soft wood with a 
groove to take the body. Pin the butterfly 
| through its thorax into the groove and 
| fasten its wingsto the board with strips of 
| paper. After studying the parts of the 
butterfly, place the board in a box and 
| leave the butterfly to harden. 
| (6) Obtain a young caterpillar of the 
| orange butterfly, keep it in a breeding case 
| and watch the stages of its development. 
(| Follow the suggestions given in section 3 
| of the Suggested Practical Work at the end 
of Chapter Seven. 

Fig. 51. A setting board for insects (c) Pollination Exercise. This exercise 
can be performed very conveniently in the 
school compound. Its purposeis to observe 

the various insects which visit the flowers of different plants. First of all, learn 
to identify by sight four or five different groups of insects—for example, beetles 
(hard wing-cases), flies (one pair of thin wings), butterflies and moths (large, 
coloured, scaley wings), and bees and wasps (thin, filmy wings, striped body). 

The next part of the exercise requires pencil and paper—and patience! Sit 
quietly near a particular flowering plant for about fifteen minutes, three times 
a day (early morning, mid-day, and late afternoon), Make a note every time 
a particular insect visits the flower and actually touches it. The following table 
is a convenient way of recording your observations: 


Moths and Bees and 


Beetles Flies Butterflies Wasps 
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These results can easily be converted to percentage figures for easier 


reference, 
Other important information should also be recorded—for example: name 
of flower visited; colour of flower; presence or absence of scent; weather 


conditions; and time of year. 


CHAPTER NINE 


Insects: The Greenfly, the Honey-bee, 
the Mound Termite, and the 
Ladybird Beetle 


The Greenfly (Aphis) 

Tue greenfly, or aphis, and the scale insects belong to a group known 
as the Homoptera. These are mostly small insects with piercing and suck- 
ing mouth-parts which they use in puncturing plants to feed on the sap. 
The greenflies are thus sometimes referred to as plant lice. Some of 
these insects have wings which are membranous and generally lie 
sloping over the side of the body; there are, however, certain forms 
which are without wings. 

The aphis is commonly wingless with a rather delicate body (Fig. 
52). It is often found in large numbers on the under-surface of leaves, 
or on the young shoots of a variety of plants, especially cotton and 
citrus plants. The proboscis is rather long and is adapted for piercing 
plants and sucking juices from them. 

Mode of Life. As the greenfly sucks the sap of plants, it secretes much 
of it as a sweet fluid called ‘honey-dew’ which is greatly relished by ants. 
Thus ants are often found among the greenflies and, in order to get 
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By permission from General Zoology (3rd ed.) by Storer and Usinger. Copyright 1957. McGraw-Hill 
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more of this juice, they even protect the greenflies and carry them about 
to new feeding grounds. By the secretion of honey-dew, greenflies may 
clog up leaf-pores. 

Life-history. Greenflies multiply rapidly and soon render the host 
plant weak and useless. Reproduction is carried out in two ways. In the 
first, the normal wingless kinds reproduce when they are fully developed, 
but their reproduction involves neither mating nor the laying of eggs. 
Once every few days this type of aphis ‘gives birth’ directly to a small 
greenfly very much like the parent. This type of reproduction, which 
takes place without fertilization, is called parthenogenesis. We shall see 
another example in the worker of the honey-bee. In the greenfly parthe- 
nogenesis is a far more rapid method of reproduction than sexual repro- 
duction. 

The second method of reproduction in the greenfly appears to be 
dependent on food supply and climatic conditions. In this, wingless, 
parthenogenetic, viviparous females lay eggs from which come similar 
females, some of which, however, are winged. These winged females, 
which may fly off and infest other plants, will produce a certain num- 
ber of parthenogenetic, viviparous generations after which sexual indi- 
viduals appear. These mate sexually and lay eggs from which, after 
metamorphosis, wingless greenflies are produced. 

Economic Importance. It is obvious from the life of the greenfly that 
it is an insect which causes a great deal of harm and destruction to 
economic crops such as cotton and citrus. Its methods of reproduction 
rapidly increase the number of insects and their mode of feeding soon 
renders the plant useless. Another way in which the greenflies injure 
plants is by blocking up the pores, through which the plant respires, with 
the honey-dew and a waxy substance which the insects secrete. 

Greenflies may be controlled by cutting off and burning the infested 
parts of the plant. Another method is to wash or spray the plant with 
a mixture of kerosene, soap, and water; this suffocates the insects. 

It should be mentioned that other destructive insects in this group are 
the cocoa aphis and the mealybug, which transmit swollen-shoot virus 
in cocoa plants. 


The Honey-bee 


The honey-bee, known scientifically as Apis mellifica, is a well-known 
social insect and most species of bees live in a community, popularly 
called the colony. There are, however, a number of species which lead 
solitary lives, 1 

Three types of individuals or 'castes' are present in the community. 
These are the queen (which is a fully developed female), the drones 
(which are fully developed males), and the workers (which are sexually 
undeveloped females). A well-established colony has one queen, a few 
hundred drones, and several thousand workers. A drone (Fig. 535) 
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is larger than a worker and the end of its abdomen is blunt, whereas 
the abdomen of a worker is more pointed. The queen has a relatively 
much larger and longer body than either the drone or the worker. The 
queen and workers possess stings whereas the drones do not. The 
workers also have their legs modified for cleaning their feelers and body, 
and also for carrying pollen. The honey-bee has mouth-parts modified 
for sucking, manipulating wax, and collecting nectar. 


Fig. 53. A queen (a), a drone (b), and a worker (c), with cells from a bee-hive 


The queen lays all the eggs of the colony, the workers do all the work, 
and the drones do nothing in the colony. The organization of work in 
the community is of a high standard and ‘law and order’ is well 
maintained. 

Mode of Life. The Queen. It is often thought that the queen is the 
ruler of the colony. This is not correct because all her actions are con- 
trolled by the workers, even including her maternal duties. For example, 
it is the workers who decide how many eggs she is to lay, by regulating 
the amount of food they give her. The workers clean the queen and feed 
her on food which they have already digested. The queen rarely leaves 
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the colony, except when she is old and has to vacate her position for a 
newly born queen; in this case she accompanies the swarm or mass 
exodus of workers to begin a new colony elsewhere. The new queen left 
behind in the hive may make a few brief flights to try out her wings 
shortly before making the marriage-flight, during which she mates with 
a drone. She then returns to the hive and starts laying eggs. 

The Drones. These male bees do no work either inside or outside the 
hive but eat much of the food collected by the workers. Despite the fact 
that the drones do no work, if they are removed from the colony the 
enthusiasm of the workers and the queen for their work diminishes, 
and the whole ‘spirit’ of the colony is upset. The drones are even fed 
like the queen by the workers on easily digested food. 

The role of the drones ends with the marriage-flight and mating of 
the virgin queen. Later they continue to live unmolested in the colony 
and, unlike the workers, are welcome in any other colony at any time. 
However, towards the end of the active season, the workers starve them 
and drive them out of the colony to die. 

The Workers. These sexually undeveloped females are the labourers 
and the army as well as the rulers of the colony. They can, however, lay 
eggs when the colony happens to be without a queen for some time. In 
this case their eggs, which are not fertilized, hatch into drones. The 
worker bees are very active and defend the colony by attacking any 
intruders or invaders with the aid of their powerful stings. They gather 
nectar from flowers and bring it home in their honey-stomachs to be 
converted into honey. 

Workers also collect pollen from the flowers and carry it home in the 
pollen-baskets which are situated on their third pair of legs (Fig. 54). 
This is mixed with honey to form 
*bee-bread' on which all members of 
the colony feed. They fetch water 
and a sticky substance called pro- 
polis (which is a mixture of resins) 
from certain trees and use it in 
filling up cracks and repairing 
various parts of the hive. They 
Comb for ventilate and regulate the tempera- 
brushing polien — ture of the home, keep it clean, and 
Into basket carry away debris and the bodies of 

any dead bees. Finally, they secrete 

wax with which they build the 

combs, they incubate the eggs, and 

Fig. 54. Leg of worker bee showing also feed all other members of the 

pollen-baskets community, including the larvae. It 

is obvious that the workers exhaust themselves by overwork in the 
colony and, as a result, they often live for barely six weeks. 
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Method of Communication. Honey-bees depend entirely on instinct, 
and they possess highly evolved sense-organs, such as those of sight, 
taste, and touch. These are particularly perfect in the workers who also 
govern in the community. Therefore, they often need to communicate 
‘announcements’ or ‘instructions’. 

The worker bees are able, on returning to the hive, to announce the 
discovery of some delicious food such as pollen or nectar, in certain 
fruit trees or bushes like Crotalaria. They do this by means of a special 
type of dance, during which other bees follow them, holding their feelers 
(on which are situated the organs of smell) against the bodies of the 
dancers to detect the actual scent of the nectar in question. There are 
special modes of dancing which indicate the distance and direction of 
the food source. The higher the concentration of the nectar the more 
vigorous the dance. When one of the bees following a dancer has re- 
ceived the information imparted by the dance it flies away to search for 
the nectar. 

Life-history. As mentioned above, the queen does not leave the hive 
except when a new queen is hatched; then, in the company of a large 
number of bees, she leaves the parent colony in the swarm. The old 
queen settles elsewhere with the other bees and they build a new colony. 
But the new queen who remains flies out within a week’s time on the 
marriage-flight accompanied by a large number of drones, one of which 
mates with her in the air, That drone dies soon after mating. She 
receives enough sperms, which she stores in a special sac, to fertilize all 
the eggs she may lay for several years. The queen, in contrast to the 
workers and the drones, may live for four or five years. 

Returning to the colony after the marriage-flight, the queen proceeds 
to lay the eggs under the guidance of the workers. The queen can lay as 
many as 2000 or more eggs in a day, each egg being placed by her in a 
cell in the brood-combs. It is remarkable that the queen can lay as much 
as three times her own weight of eggs in a day! On the third day after it 
has been laid, the egg hatches into a tiny larva. Young worker bees 
called nurses feed the larva for the first three days of its life on rich food, 
called ‘bee-milk’, which they vomit out. If the larva is to become a 
worker, they stop the supply of this rich food after the third day and 
feed it for two and a half days on a mixture of pollen and honey. If the 
larva is to become a queen it is then fed on ‘royal jelly’ for five and a 
half days. The nurses visit each larva at the rate of 1300 a day! In either 
case, on the sixth day the larva is supposed to be fully grown and its 
cell is sealed with a mixture of pollen and wax. After two days the larva 
changes into a pupa, and within a week the pupa changes into the full- 
grown adult bee, which later emerges from the cell. 

Economic Importance. Honey-bees prepare and store honey in some 
of the chambers of their comb to be used in time of need. This is re- 
moved and eaten by man or used in the preparation of various foods 
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and drugs. The honey-bee is also one of the most important pollinating 
agents for a number of plants, including fruit trees (see Chapter 26). 


The Mound Termite 


Ants and termites are also social insects with a well-organized 
division of labour not unlike our own in the human community, where 
we have people specializing in different professions and all playing their 
parts in the maintenance of society as a whole. The white ants, or 
termites, can often be distinguished from true ants by the colour 
of the body (which is white), their preference for living in the dark, 
and by the similarity in size of the thorax and abdomen. They are 
commonly found in many tropical countries and have some economic 
importance. 

Mode of Life. Some termites simply live in wood, while others live in 
the soil and build above ground the ‘nests’ called anthills or termitaria. 
These are the termite mounds which often rise to a height of eight feet 
or more, and are a striking feature on the farms and waste land in many 
tropical countries. The termitaria, as well as the chambers, under- 
ground channels, and covered tunnels above ground (through which 
food is carried), are constructed by using saliva to cement particles of 
sand together and are very strong. 

The organization in the termitaria is based on three classes or ‘castes’ 
of termites: the workers, soldiers, and the reproductives. The workers 
(Fig. 55) have no wings and no eyes but have mouth-parts adapted for 
biting. They are small, sterile, and devoid of pigment and thus look 
rather pale. It is this look which probably originated the name ‘white 
ants’ for termites as a whole. With the aid of the young reproductives, 
the workers do all the work of the nest. They build and repair the nest, 
keep it clean, rear the young ones, fetch food and feed the soldiers, the 
king, and the queen, none of whom can feed themselves. The food, 
which consists of cellulose from dead leaves, is first chewed, swallowed, 
and digested by the workers who virtually vomit it out in order to feed 
the other inmates of the anthill. 

The soldiers (Fig. 55) are also without wings or eyes and are sterile, 
but are pigmented. They are much larger than the other classes and have 
bigger heads with rather powerful jaws. With these the soldiers attack 
and drive away any animal that strays into the nest, although in some 
species of termite the soldier has no strong jaws but drives away intru- 
ders by squirting an unpleasant fluid at them through a special tube on 
the head. 

Life-history. The reproductive forms (Fig. 55) are the only class with 
two pairs of wings. They are the kings and queens and, as the names 
suggest, are the only group with sex-organs, and are thus fertile. They 
also have functional eyes and are pigmented. Soon after a heavy shower 
of rain, young reproductive males and females fly out of the anthill and 
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Fig. 55. A worker, a soldier, a reproductive, and the queen “of mound termites 
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undergo what is described as a nuptial flight during which they mate, 
fall to the ground, and lose their wings. 

After some of them have been devoured by birds, lizards, or other 
insects, surviving pairs of male and female are ready to start a new nest 
of which they become the king and the queen. They protect the eggs laid 
by the queen and, when these hatch out, they become the sole nurses of 
the nymphs. Some of these later grow into workers and take over from 
the king and queen the whole job of feeding in the nest, including the 
feeding of the king and the queen themselves. The latter are kept in a 
separate chamber at the bottom of the nest, and in this chamber the 
queen grows rapidly until she becomes very large. 

Most of the queen’s size is due to her enormous abdomen, since her 
head and thorax remain very small. The abdomen is full of eggs which 
she later lays at the rate of about sixty per minute. The eggs, when laid, 
are carried away and looked after by the workers. The queen lives for 
several years and her only occupation is producing eggs. The king re- 
mains her permanent mate and grows smaller and smaller. When the 
eggs hatch out the workers look after the young till maturity. Thus the 
organization of the nest goes on until the next nuptial flight of young 
male and female reproductives sends some members out to begin new 
colonies. 

Economic Importance. Termites are of some economic significance in 
our lives. They feed on plants and trees including some which are useful 
to us. In particular, they destroy timber in buildings, causing us con- 
siderable expense in their replacement. Few hardwoods, except iron- 
wood and the mangrove, are hard enough to escape damage by the 
termite. Another economic significance of termites, this time of a 
beneficial nature, is their habit of feeding on fallen leaves and dead 
vegetation. In this way they help to enrich the soil since they speed up 
the decay and return of plant remains into the soil. Termites also help 
to make air available to the soil by means of the tunnels they dig. 


The Ladybird Beetle 

The beetles form a group of insects (called Coleoptera) which are 
readily identified by the fact that the fore-wings are modified into stiff 
coverings called elytra which meet in a straight line down the back of 
the body. The hind-wings, on the other hand, are membranous and 
usually folded beneath the elytra. The mouth-parts are modified for 
biting. Examples include the weevil, the fire-fly, the rhinoceros beetle, 
and the ladybird. The Coleoptera form the biggest group of insects, 
with about a quarter of a million species. The ladybird will serve as a 
good example of this group. 

The ladybird (Fig. 56) is a small beetle with a rounded body whose 
elytra are spotted bright red and black. The hind-wings are membranous 
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and when not in use are folded up in a complicated manner and 
hidden under the elytra. The first segment of the thorax is particularly 
large and has a joint which makes it movable. The mouth-parts are 


adapted for biting. 


eggs of 
ladybird 


greenflies or 

aphides, which 
form the 

ladybird's food 


& 


Fig. 56. The ladybird 


Mode of Life. The ladybird is carnivorous and feeds on various kinds 
of aphids. It is therefore found under leaves of plants which are fre- 
quented by aphids. It shows a warning coloration by means of the 
bright red and black colour of the elytra. This bright colour warns its 
enemies that it has an unpleasant taste. It has another method of self- 
preservation. This is by ‘shamming death'—that is, pretending to be 
dead in order to escape further attack from a more powerful enemy. For 
example, if a bird pecks at it, the ladybird will fold up its legs, drop to 
the ground, and remain motionless until the bird departs. 

Life-history. After mating, the female lays a large number of yellow 
eggs in small clusters under the leaves of a plant bearing aphids. The 
eggs hatch in a few days into larvae which have elongated bodies and 
three pairs of well-developed true legs. The body looks rather scaly 
behind the segments bearing the legs. The larvae feed voraciously on 
the aphids by means of their powerful biting jaws. The larva undergoes 
a number of moults and later changes into the pupa. The pupa has a 
rather rounded body much like that of the adult and, like it, is coloured 
id and black. In a few days’ time the pupa moults and becomes an 
adult. 

Economic Importance. Ladybirds are useful to us since they feed on 
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pests such as aphids which cause a great deal of damage to our crop 
plants. Ladybirds have in fact been employed on a large scale to combat 
aphids when the latter threatened the yield of large farms. In this case 
they were purposely bred and sent to the infected farms and allowed to 
feed on the aphids. Such use of one organism to combat the destructive 
activities of another is called biological control. 


SUGGESTED PRACTICAL WORK 


1. Look for a greenfly on a young branch of an orange or lime tree. 
Make note of any other insects you may have studied which are found on 
the tree, and examine their relationship with the greenflies. 

2. Occasionally a swarm of bees will settle on the branch of a tree in the 
school compound. It is then an easy matter to observe the activities of the 
insects. It is as well to be cautious when investigating a bee-hive and it is not a 
good idea to approach it too closely. Search for dead bees on the ground near 
a hive (preferably when the bees of the hive are not very active), and examine 
the hind-legs of the insects in detail, noting the structure of the pollen-basket 
in particular. 

Try to discover something of the activities of the small bird called the 
‘honey guide’. This bird is said to act as though it is purposefully trying to 
guide people to a bee-hive. The bird may attract attention by flying from tree 
totree in a zig-zag path, displaying the white flash of its tail-feathers and 
making a call-note as it does so. Eventually the bird remains stationary on a 
tree near to a bee-hive. It is known that the honey guide bird eats beeswax, 
and it may be that by leading a man to a bee-hive, the bird obtains the wax 
left by the honey-plundering actions of the man, 

3. Break a termite mound, collect some of the individual termites, and try 
to identify the class or caste to which each one belongs. If you dig very care- 
fully and thoroughly you may discover the chamber containing the queen 
termite (it is a good plan to seek the advice and help of the person in charge 
of termite extermination at the local Public Health Department or Public 
Works Department). Examine the queen termite and note the relative size of 
her head, thorax, and abdomen. 


CHAPTER TEN 


Introduction to Animals with 
Backbones: Fishes 


ALL the animals we have studied so far in this book are animals that 
have no internal skeleton. They are mostly soft-bodied and where the 
body seems hard this is due to an external skeleton (an exoskeleton) 
such as the chitinous shell of a crab or the chalky shell of a snail. Now, 
the rest of the animals we shall have to deal with are different in this 
respect. They have their skeletons inside their bodies; such an internal 
skeleton is called an endoskeleton. The major part of this endoskeleton 
forms the central axis which we call the backbone, or vertebral column. 
Thus these animals can be referred to as animals with backbones, or 
simply vertebrates, while those we have already described which have 
an exoskeleton are animals without backbones, or invertebrates. 

Animals with backbones, or vertebrates, consist of five major groups 
or classes: 


(a) Fishes: such as the shark, Tilapia, and millions fish. 

(b) Amphibians: such as toads and salamanders. 

(c) Reptiles: such as lizards, snakes, turtles, and crocodiles. 

(d) Birds: such as the swallow or the hen. 

(e) Mammals: such as rabbits, guinea-pigs, dogs, sheep, monkeys, 
and man. 


It should be emphasized that apart from the vertebral column, these 
higher animals have certain other characteristics in common. Before 
mentioning these we should make a few more comments about the 
vertebral column and the endoskeleton as a whole. The endoskeleton 
is jointed; the joints separate the small bones which make up the col- 
umn. These small bones are called vertebrae so that the name 'vertebral 
column' means a column of vertebrae. Paired girdles are also associated 
with the vertebral column (Fig. 57). 

One other feature common to the vertebrates is that the central 
nervous system is always well developed, with a single hollow nerve- 
cord (spinal cord) lying within the vertebral column. The front part 
of this is enlarged to form a brain. For the protection of the brain and 
other organs of special sense associated with it, the front part of the 
vertebral column develops a skeletal structure, the skull, or cranium. 

Vertebrates also have gill-slits in the wall of the pharynx at some stage 
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during their life. In this connection, the respiratory system always in- 
cludes a suitable surface in relation to the pharynx. This is in the form 
of gills in those vertebrates (like fishes) which live mainly in water, and 
of lungs in those that live on land. 


Vertabral Column 


ium 


Precoracoid. 


Clavicle 


Coracoid ischium 


PECTORAL GIROLE PELVIC GIRDLE 
Fig._57. Vertebral column and girdles 


Lastly we may mention that the vertebrates have highly developed 
excretory organs in the form of true kidneys; they also have compact 
reproductive organs. 

Evolutionary Trends, It is easy to see that the vertebrates deserve to be 
called ‘higher animals’ because, compared with the invertebrates, they 
have highly developed and specialized organs for carrying out the func- 
tions of life. The invertebrates are thus referred to as ‘lower animals’, 
while the vertebrates are ‘higher animals’. 

Throughout our discussion of the ‘lower animals’ we often drew atten- 
tion to the slight advancements in any organism over any previously 
described. A similar approach will be made with regard to the treat- 
ment of examples of vertebrates. Here we may point out that the five 
classes of vertebrates mentioned above form a useful basis for the study 
of evolution in the vertebrates. For example, there is a general theory 
in the evolution of organisms that life started in the water and progressed 
to the land, quite apart from the theory that more advanced organisms 
have more complex structure. 

When we try to illustrate this with the classes of vertebrates, we find 
that the fishes are the most primitive since they live all their lives in 
water. They are also much simpler in structure than the animals be- 
longing to the other four classes. Then come the amphibia, which live 
part of their lives in water, or very moist conditions, and part under dry 
conditions on land. In addition, they are obviously more elaborate in 
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form and structure than the fishes, but less so than the reptiles, birds, 
and mammals. 

The reptiles follow next, with birds coming after them, and finally 
we come to the mammals which are the most successful of all with 
respect to life on the dry land. For example, the body temperature in the 
animals in three of the five classes changes according to the surround- 
ings, and such animals are said to be cold-blooded, but the mammals 
and birds are animals in which the temperature of the blood is kept 
constant, whatever the temperature of the surroundings, and they are 
said to be warm-blooded. This feature is obviously more useful on land 
where temperatures change to a greater extent than in water. In the 
development of one or two structures such as the lungs, the birds have 
been more successful, but on the whole mammals are at the peak of one 
of the major trends of evolution. 


Fishes 

Fishes are vertebrates that live all their lives in water. It is therefore 
expected that their structure, habits, and life-history will be suitable for 
life in water. They have paired and unpaired fins which are strengthened 
by a skeleton of rods called fin-rays. The skin is often covered with 
scales. Fishes breathe by means of gills. 

There are two main groups of fishes. One group consists of all fishes 
with a skeleton made of a soft and gristly material called cartilage; 
hence they are called cartilaginous fishes. Examples are the dog-fish, 
sharks (the largest of all fish), skates, and rays. These fishes are regarded 
as primitive, or not so advanced as the other group. The other group 
consists of all fishes whose skeleton is made of bone; they are thus called 
bony fishes. Examples are the herring, sardine, cod, Tilapia, perch, 
millions fish (or guppies or top-minnow). The last two examples are 
small fish that are convenient for study since they can easily be kept in 
an aquarium in the school. We shall therefore use them to illustrate 
the structure, habits, and life-history of fishes as a whole. But since 
both of them are bony fishes we shall point out where necessary any 
differences between them and the cartilaginous fishes. 

Millions fish (Fig. 58) is the name given in the tropics to the small 
fishes that are often found in shoals. They feed on mosquito larvae and 
have thus been introduced into streams, swamps, and village ponds 
throughout tropical countries for the control of mosquito larvae. 
Tilapia (Fig. 59) is also a fresh-water fish found in rivers and lakes in 
many parts of Africa. When Tilapia fishes are found along the coast 
they live in the brackish water of estuaries and lagoons. Unlike the 
millions fish, Tilapia feeds mainly on vegetable matter, which may be 
soft leaves that fall into the water, or weeds growing in it. Tilapia also 
lives on various types of green algae and plankton, which are tiny 
organisms that flourish in tropical water. 
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Shape. The shape of the body of a fish is adapted for life in water. 
Thus the bodies of the millions fish and Tilapia are streamlined in shape, 
with no neck, so that the head readily merges into the trunk and tail. 


This sort of shape can move through a liquid like water with very little 
disturbance to impede its progress. 
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Fig. 59. Tilapia 


External Features. The body of the millions fish or of Tilapiais covered 
with scales. The head extends from the tip of the snout to the back of the 
gill-cover, then follows the trunk which ends at the anus, and the rest of 
the body is known as the tail. The mouth is large, with jaws which bear 
sharp teeth. 3 . : 

‘Above the mouth are two holes or nostrils which communicate with 
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olfactory organs. On either side of the head is an eye; these have no 
eyelids, and behind each of them is a gill-cover, or operculum, with 
the gills underneath. There is a dorsal fin on the back of the body, a 
caudal fin at the end of the tail, and an anal fin below the tail. Apart 
from these median fins there are the paired pectoral fins behind the gill- 
cover and the paired pelvic fins near and below the pectoral fins. 

Scales. The bodies of the millions fish and Tilapia, like those of all 
bony fishes, have a covering of scales which overlap each other with 
their free ends directed backwards. This arrangement of the scales 
allows the water to flow easily, thus aiding the movement of the fish. 
The slimy skin which covers the individual scales also helps water flow, 
besides making the scales waterproof. The scales protect the fish. On 
them are concentric rings which, in temperate waters where there are 
well-defined seasons, indicate the age of the fish. Since clearly distinct 
seasons do not exist in the tropics, these rings can rarely be used to 
indicate the age of the fish. In cartilaginous fish the scales are rather 
tooth-like, spiny, and stronger (Fig. 60). 
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Fig. 60. Scales of a bony and a cartilaginous fish (dog-fish) 


Fins. As mentioned above, a fish has two types of fins, the median 
unpaired fins and the paired fins. The latter correspond to the limbs of 
the higher vertebrates such as frogs, birds, and mammals. In the bony 
fishes the front part of each fin is strengthened by a skeleton of rods 
termed fin-rays, or spines, while the other part has only thorny fibres 
and is rather soft. (In cartilaginous fishes, on the other hand, the fins are 
supported by small cartilaginous plates.) On the back of the millions 
fish is a rather short median dorsal fin near the tail, while on the under- 
side of the body is a much longer median ventral fin just behind the anus. 
On the tail is a caudal fin. With regard to the paired fins, there are two 
sets; these are the pectoral fins, which are near the gill-cover, or 
operculum, and correspond to the fore-limbs of higher vertebrates, and 
the pelvic fins, corresponding to hind-limbs and situated near the 
centre of the body on a lower plane than the pectoral fins. In Tilapia, 


the dorsal fin is rather long, beginning near the head and ending near the 
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tail. Some fish have two or three dorsal fins, and it is believed that the 
long dorsal fin of Tilapia consists of two fused fins. The ventral fin is 
no bigger and is situated behind the anus as in the millions fish. The 
paired pelvic fins are here much closer to, and well below, the paired 
pectoral fins. With the aid of the powerful muscles of the tail, the fins of 
the fish are responsible for movement and balance in water. 

Movement. Fishes move in the water by swimming. The tail-muscles 
and other muscles of the trunk contract alternately on the two sides and 
thus cause a wave-like movement of the tail and the tail-fin (Fig. 61). 
This action of the tail and its fin is like that of a man at the stern of a 
boat holding one paddle which he moves from one side of the boat to 
the other, and it supplies the main driving force which pushes the fish 
forward in a straight line. For rapid movement the paired fins are 
folded close to the body. The other fins of the fish help mainly in balanc- 
ing and changing direction and can be moved independently. Thus, 
when the fish hovers in the water the pectoral fins are spread to balance 
the body. For very slow movements the paired fins may be used as 
paddles, and in this case the tail is kept still. The median dorsal and 
ventral fins behave like the keel of a ship in stabilizing and keeping the 
course of the fish straight. The swimming process of the fish is also aided 
by water flowing out from the gill-chambers during breathing, 


fe 


Fig. 61. Mode of movement of fish 


We have already mentioned the advantage of the shape of the fish in 
swimming. Man builds boats and aeroplanes which copy the shape of 
the fish; we can see, for example, that they are streamlined and the 
surface is made very smooth. In fishes there are many glands in the 
epidermis which secrete mucus to keep the surface smooth and thus 
reduce friction during movement. To sum up it could be said that the 
tail provides a propulsive force, the caudal, or tail, fin is used as a 
rudder in steering, the median fins are stabilizers while the paired fins 
alter the swimming level, and also help in balancing. 
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The Swim-bladder. While on the topic of movement we may mention 
the swim-bladder, which is a long, narrow tube found under the backbone 
in bony fishes. It contains gases, the quantity of which is altered to 
adjust the specific gravity of the fish to water pressure at different 
depths. We sometimes see freshly caught fish with their stomachs 
hanging out of their mouths. This is caused by the pressure on the swim- 
bladder suddenly being reduced as the fish is pulled from a great depth 
to the surface. Consequently, the swim-bladder expands or bursts, 
forcing the fish’s viscera out of its mouth. 

The gas in the swim-bladder contains a large amount of oxygen 
which is used during difficult conditions, as when oxygen is in short 
supply. For example, when Tilapia is placed in stagnant water, the 
oxygen in the swim-bladder is absorbed for respiration and in its place 
is found nitrogen and carbon dioxide. 

The Lateral Line. In both the millions fish and Tilapia there is a long, 
well-marked line, called the /ateral line, on both sides of the body. It 
marks the position of a canal under the skin, whose function is to detect 
differences in pressure and vibrations in the water. It is thus a sensory 
organ. 

Colour of the Body. The colour of the fish is itself adapted to its 
environment. Typically, the lower surface and side is silvery-white, 
while the upper part is of a darker colour. These colours have a protec- 
tive function against the enemies of the fish. Thus when light falls on 
the surface of the water the lower silvery-white colour of the fish makes 
it appear invisible to its enemies when they are swimming below. The 
deeper blue colour of the water when viewed from above also agrees with 
the darker colour on the upper part of the fish, so that it is protected 
from us when fishing. Thus the colours of the fish furnish a good example 
of protective coloration. The millions fish and Tilapia, both of which live 
in water with weeds, have a further method of protective coloration. 
They have on their flanks stripes which serve to break the outline of the 
fish and thus make them difficult to see against the swaying weeds. 

Gill-covers and Respiration. The gill-cover, or operculum, is the large 
flap with free lower and posterior edges on either side of the head. 
(There is no gill-cover in cartilaginous fishes.) Under the gill-covers are 
found the gills, which are usually four in number. The gills, which pro- 
vide a large surface for respiration (Fig. 62), are separated by five gill- 
slits in the wall of the pharynx. The gills are the principal structures for 
respiration, or breathing. Each gill consists of a double row of slender 
gill-filaments, which are pink in colour because they contain blood- 
capillaries. Each double row of gill-filaments arises from a cartilaginous 
gill-arch. The latter bears on its inner side small rods of bone known as 
gill-rakers which protect the delicate gills against particles of food and 
other materials that may wander between them. These particles are 
then swallowed as food. 
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When the bony fish breathes (Fig. 62), it first of all opens its mouth 
and closes the gill-covers against the body. The gill-arches expand and 
water then flows into the mouth. To get the water to proceed over the 
gills, the mouth is closed, and the gill-covers are opened. The gill-arches 
then contract and the water already in the mouth flows over the 


Gill-bar 
Gill-rakers 


Mouth Open 
(Water Enters) 


Gill- 
arch Gill- 


slit Operculum 
© closed (no Mouth 
water entars) Closed Oparculum 
(nowater Open water 
enters) flows out) 


A Breathing in B. Breathing out 
Fig. 62. (a) The gill-structure of a fish; (5) procedure of breathing in fishes 


filaments and out through the gill-covers. As the water passes over the 
gill-filaments, respiration takes place—that is, oxygen in the water 
enters the blood in the gill-capillaries while carbon dioxide leaves them 
and diffuses into the water. 
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Habits. Fresh-water fishes like the millions fish and Tilapia appear to 
be active both by day and by night. They habitually swim against the 
current as this aids respiration and the capture of food. When food 
enters the mouth conical teeth are used to hold but not to chew it. 
Millions fish and Tilapia may live together in large numbers but they 
can also lead a solitary life. With their large eyes, which are lidless and 
which have only a transparent covering, these fishes can see clearly 
about them, an advantage when escaping from their enemies. They 
smell by means of the olfactory organs which appear as a pair of holes 
above the snout. 

Migration. In a large lake or stream these fresh-water fishes travel in 
a group, or migrate, usually for the purpose of breeding, from deeper 
to shallower and faster water. They may also migrate downstream into 
deeper water when the rains are over and the dry season begins, and 
retrace their steps when the rainy period returns. 

On the other hand, sea fishes such as herrings and salmon migrate 
great distances. 

Life-history. Reproduction in most fishes is carried out by the male 
and female shedding their spermatozoa and ova respectively into the 
water where fertilization soon takes place. As mentioned above, this is 
carried out in the spawning grounds in shallow water, and the fishes 
disperse after spawning, leaving the fertilized eggs to develop by them- 
selves. The millions fish, like other bony fishes, behaves in this way 
but Tilapia is rather different, for it shows a certain amount of parental 
care or concern for the future of its eggs. Thus, in the common type of 
Tilapia the female carries the fertilized eggs in her mouth for the two- 
week hatching period, during which time she does not eat. When the 
eggs hatch into young fishes, these do not disperse but stay near the 
mother; when there is danger she allows them to enter her mouth again 
for protection. In another type of Tilapia it is the male that broods and 
protects the eggs in his mouth in this way. The parental care ceases 
when the young fishes are about half an inch long, and they then dis- 
perse. 

_ Because of the care given by the parents of Tilapia, a higher propor- 
tion of their young survive than in most other fishes, which give no 
such care. For this reason the female Tilapia lays only about a thousand 
eggs while other fishes may lay many times this number. For example, 
a herring can lay over forty million eggs. The young fish readily fall 
prey to other bigger fish, including their own parents, crabs, or sea 
birds, and only very few remain as survivors to replace their parents and 
produce the next generation. 


SUGGESTED PRACTICAL WORK 


1, Identify the parts of the fish you are given to examine in class. In what 
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ways does this fish differ from the description of Tilapia or millions fish given 
in the text? 

2. Watch the movement of some small fishes in an aquarium. What do the 
fishes feed on? 

3. In setting up an aquarium it is essential to introduce green plants. Of 
what benefit are such aquatic plants to the fish and other animals in the 
aquarium? 

4. Visit a local market and observe the fish on sale. Try to obtain a live 
specimen of the catfish (Silurus) and record the unusual features of this animal. 

5, One of the most interesting African fish is the African lungfish (Protop- 
terus). It lives in fresh water (that is, in rivers and streams and not in the sea). 
This remarkable fish can live in a mud ‘cocoon’ as well as in water, and you 
should try to discover as much as possible about its internal structure, 


CHAPTER ELEVEN 
Amphibians 


AMPHIBIANS form a class of vertebrates which spend the first part of 
their lives in water and the second part on land. During the first part, 
when they are called /arvae, they live in water like fishes and even breathe 
by gills. During the second, adult, stage they live on land as reptiles or 
mammals do, and breathe by means of lungs. The adult amphibian has 
a soft body without any external covering or exoskeleton. The life- 
history of amphibians illustrates an important transition in the evolu- 
tion of the vertebrates from water to the land. For example, the adult 
frog has proper limbs (not fins, as in the fishes) which are built on the 
same pentadactyl or five-fingered plan as in the higher vertebrates such 
as reptiles, birds, and mammals (see Fig. 70). 

Examples of amphibians are the toads and frogs which have no tails. 
and the newts and salamanders, which have tails. In the tropics, toads 
are commoner than frogs, which live mainly in temperate climates. In 
Africa, the common toad is Bufo regularis, while in the islands of the 
West Indies the common type is the Surinam or marine toad (or 
crapaud) named Bufo marinus. These have very similar structure and 
habits, and will serve to illustrate the adaptation of toads to their 
environments, 


The Toad 

Toads, like the marine toad of the West Indies and the common 
African toad, are most noticeable during the rainy weather when they 
come out at night in large numbers. They disturb us a great deal with 
the loud noise they make while feeding and laying eggs. During the day, 
particularly in the dry periods of the year, they hide in small holes in 
the ground, in tree trunks and under stones, and in dense vegetation 
where they are protected from the sun. They feed largely on worms and 
insects, especially cockroaches, 

Shape of the Body. (Fig. 63.) The body is short and fat when seen 
from above and appears oval in shape. The head is joined to the rest of 
the body without a neck, and there is no tail. Thus the body consists 
only of the head and trunk. There are no fins as in fishes, but instead 
there are two pairs of jointed limbs, of which the front ones are short 
and the hind ones long and powerful. 

The shape of the toad can be said to be adapted for life both in water 
and on land. For life in water we find that, as with fish, the body is 
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streamlined. There is no neck and no sharp distinction between head 
and trunk. The absence of a tail also facilitates hopping on the ground. 

Covering or Skin. The skin of the toad has no scales or any other 
exoskeleton. On it are warty lumps which show the positions of small 
poison-glands. On each side, just behind the head, are found larger 
poison-glands. In some toads, like the marine toad, some of these warty 
lumps lead to mucus-secreting glands while others contain pigment-cells, 


Fig. 63. External features of the toad 


The presence of mucus-secreting glands in the skin of such toads as 
the marine toad provides a useful adaptation. For not only does the 
skin of the toad protect its body, but it also functions as an additional 
respiratory surface. It therefore needs to be kept moist on dry land and 
this is done by the mucus-secreting glands. They also make the surface 
slippery and so help the toad in escaping from its enemies. The poison- 
glands also serve to protect the toad from animals such as dogs and 
cats. If a dog or a cat picks up a toad in its mouth, it will quickly drop it, 
owing to the distasteful substance produced by the glands. Because of 
this, it has often been believed that the toad is very poisonous and even 
that snakes obtain their poison from toads! This is quite wrong. The 
substance secreted by the so-called poison-glands is distasteful but not 
harmful. Consequently there is no need to be alarmed if it gets on your 
hands. 

The toad is dark brown above and paler below, with irregular dark 
patches. The uneven pattern so produced gives protective colouring or 
camouflage to the toad. This is made still more effective by the fact that 
its pigment cells, by expanding or contracting, can bring about consider- 
able changes in the basic colour of the toad. 

The Head. The head of the toad is blunt, slightly pointed, and 
flattened. The mouth is wide and situated at the very end of the head; 
there is no obvious snout. There are no teeth inside the mouth, so that 
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the toad is unable to chew. It has an inwardly directed tongue which it 
can shoot out in an instant to catch the insects on which it feeds. Above 
the mouth are two external nostrils. The eyes, which are very mobile, 
are raised almost on the top of the head, thus enabling the toad to look 
around and to see above the water when it is swimming. This is neces- 
sary, since the toad has no neck to turn round when it wants to observe 
its surroundings. The eyes have eyelids, although their function is 
largely carried out by a transparent fold which is drawn over the eye- 
ball from below. We found that the fish have no eyelids, but for life on 
the land eyelids become necessary. On either side of the head, behind 
the eye, is a circular patch of skin called the ear-drum, which is part 
of the ear. However, there is no external ear such as we shall find in the 
case of mammals. Below the head the flesh of the throat is particularly 
soft and moves up and down during breathing. 

Limbs and Movement. (See Fig. 63.) In water, the adult toad is able 
to swim and, as we have seen, is streamlined. In addition there are 
webs of skin between the toes which enable the legs to be used as oars 
in swimming. The web is better developed in toads which do much 
swimming, such as the marine toad, but is reduced to tiny structures at 
only the bases of the toes in those toads such as the common African 
toad, which only occasionally go into the water. 

On land the toad travels by hopping and the limbs are well adapted 
for this purpose. For lifting the body off the ground in order to leap, 
the hind-limbs play the major role. They are much longer than the fore- 
limbs and are folded when at rest, so that when they are quickly 
straightened the body is easily raised from the ground. Each hind-limb 
consists of three parts, the thigh, the leg, and the foot, the latter being 
rather elongated and having five toes. For taking the shock as the toad 
returns to the ground after leaping, the fore-limbs are also well adapted, 
for they are short and thick. Each fore-limb consists of the upper arm, 
forearm, and the hand; the latter has only four fingers, the thumb being 
missing. 

Habits. As mentioned already, toads are nocturnal in habit and come 
out at night to catch worms and insects to feed on. To catch its prey, 
the toad suddenly shoots out its tongue at the insect. Since the free end 
of the tongue is sticky, the prey is captured and brought into the mouth. 

As already mentioned, the toad has no teeth and so cannot bite. 
However, it has other ways of protecting itself from its enemies. One 
method, which has already been dealt with, is to secrete distasteful 
fluid from its skin. Another way is to fill its lungs with air and thus 
swell its body immensely. This makes it seem much larger than it really 
is and frightens its smaller enemies. Yet another method consists in 
squirting water from a reservoir at its attacker. The reservoir is called 
the allantoic bladder, and is situated above an aperture called the cloaca 

situated at the end of the trunk. 
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Life-history. (Fig. 64.) In rainy weather, toads come out in large num- 
bers to breed. The males make the familiar croaking noises which attract 
the females to them. As the female, whose body is swollen with eggs, 
approaches the male, he mounts on her back and clings firmly to her by 
means of thickened pads, called marriage-pads, which develop in his 
palms during the breeding season. The female carries the male until she 
lays her eggs, which are in a string, into the water when at the same time 
the male sheds his sperms over them so as to fertilize them in the water. 
The eggs are small and fairly numerous, and each of them is surrounded 
by jelly. This jelly serves a number of useful functions. It protects the 
eggs from bacteria and injury and discourages attack by water-fleas and 
water-birds. It also provides a buffer for the eggs and, by swelling, 
separates one egg from the other and thus gives them room to develop, 
as well as enabling oxygen to enter the whole surface of each egg. The 
eggs float on the surface of the water. 


Fig. 64. Life-history of the toad. 1, spawn; 2 and 3, developing eggs; 4, tadpole with 
gills; 5, developing tadpole with (Sa) sucker; 6, hind-legs have appeared; 7, fore-legs 
have appeared and tail is being absorbed; 8, young toad on land 


Owing to the high temperature, development of the eggs is fairly 
rapid in the tropics. This is in contrast to the slow development of 
frogs’ spawn in temperate regions. At first, each eggis black on the upper 
surface and yellowish white with yolk below, but a few hours after 
fertilization the upper surface grows over the yellowish portion and the 
egg becomes black all over. By the end of two days the eggs have 
elongated into embryos within the jelly. These embryos are the tiny 
curved tadpoles (Fig. 64) which wriggle out of the jelly by the end of 
the second day, and attach themselves to weeds in the water. At first 
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the tadpole has only a head, body, and tail. There is a horseshoe- 
shaped sucker beneath the mouth by which it attaches itself to weeds, 
while the future positions of eyes, ears, and nostrils are marked by pits. 

Within the next three days, the external gills develop as projections on 
either side of the head. These gills, which look like feathers, are the 
organs for breathing. Oxygen dissolved in the water is absorbed by the 
blood in the gills as the water flows over them. The external gills do not 
last long, but wither and have disappeared by the fourth day, when they 
are replaced by internal gills with four gill-slits like those of the fish. At 
the end of a week the mouth, anus, and eyes have developed. The anus is 
situated at the base of the flattened tail; with the aid of a lens it is pos- 
sible to see the backbone through the tail. Throughout this period the 
tadpole is a vegetarian and has a long, coiled intestine (see Fig. 64) which 
can be seen within its body. Later a flap, which is the gill-cover, or 
operculum, grows to cover the gill-slits, just like the gill-cover of a bony 
fish. The method of breathing is then very much like that of a fish. 

By the end of a month, the hind-limbs start to appear, followed by 
the fore-limbs. The tadpole now feeds actively and grows rapidly. It 
changes to a carnivorous mode of feeding, and the intestine becomes 
shorter, as is typical of carnivorous animals. The internal gills also 
begin to wither away, to be replaced by the growth of the lungs. The 
tadpole is now able to come to the surface of the water to breathe 
ordinary air. Later the tail begins to be absorbed and the creature, now 
a toad, leaves the water for land. In this way the metamorphosis of the 
larva into the adult toad is completed. 


SUGGESTED PRACTICAL WORK 


1. (a) Go out after dark to ditches and gutters and catch one or two toads; 
keep them overnight in a sink containing a little water, and transfer them to 
another container the next day. This can be a glass aquarium containing some 
large stones and a few inches of clean pond water; the aquarium should be 
tilted slightly so as to create deep water at one end. Try to keep the toads in 
the laboratory for a week or two, and observe their behaviour; toads should 
be fed on insects and should not be exposed to very bright sunlight. 

(6) Examine an individual toad closely and make notes of what you see, 
under these headings: (i) Regions of the body (head, neck (7), trunk, etc.); 
(ii) Position, number, and shape of eyes, eyelids, ears, and nostrils; (iii) Length 
of fore-limb; (iv) Length of hind-limb; (v) Number and shape of digits on 
fore-limbs; (vi) Number and shape of digits on hind-limbs; (vii) Colour of 
skin on dorsal surface; (viii) Colour of skin on ventral surface; (ix) Texture 
of skin (smooth? rough? dry? moist?); (x) Mouth, teeth, and tongue. 

2. (a) During rainy weather, observe the mating behaviour of a male and a 
female toad. Collect some of their eggs (spawn) and place these in an aquarium 
containing water-weeds. Make daily notes of any changes, until the eggs 
hatch out. Remove one tadpole and examine it thoroughly. After a day or 
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two place pieces of fish or meat in the aquarium, and later provide pieces of 
stick to enable the young tadpoles to climb out of the water when they 
become adults, 

(b) The rate at which a tadpole changes into a toad is controlled by a 
chemical substance—a hormone called thyroxin—which is produced by the 
thyroid gland of the tadpole. It is sometimes possible to obtain this compound 
in tablet form from a chemist’s shop. 

An interesting experiment can be performed by adding some crushed-up 
thyroxin tablet to the water of one batch of tadpoles, and comparing their 
rate of metamorphosis with that of another batch of tadpoles which have not 
received any extra thyroxin. Both sets of tadpoles should be fed in the way 
described in section (a) above. 


CHAPTER TWELVE 
Reptiles and Birds 


Reptiles 

REPTILES form an important group of vertebrates in the tropics. The 
group includes lizards, snakes, tortoises, turtles, alligators, and croco- 
diles (Fig. 65). They are all characterized by the fact that the body is 
completely covered with dry scales, which constitute a more suitable 
external covering for life on land than the skin of the frog. Most of 
them, like other vertebrates except for the fishes, have two pairs of 
pentadactyl limbs with claws on the digits. Snakes have lost their limbs. 
Reptiles generally do not support their bodies but wriggle on the ground. 

Evolution. Although the reptiles are among the cold-blooded verte- 
brates, they almost certainly represent the first type of vertebrate to 
have lost nearly all traces of adaptation to water and to have taken to 
life on land quite successfully. Thus, unlike amphibians which spend 


Fig. 65. Types of reptiles: lizard, snake, tortoise, and crocodile 
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their early life in water as tadpoles, reptiles lay eggs protected by cal- 
careous shells, which can be left on the dry ground till they hatch. The 
scales covering their bodies are also more suitable for life in dry 
situations, and the limbs are adapted for land movement. We shall not 
describe specifically any reptile in this course. 


Birds (The House Fowl) 

Birds are easily recognized by their possession of feathers which 
largely cover the body except the feet. They also have the fore-limbs 
modified to form wings which are used for flying, although certain birds 
cannot fly. The hind-limbs are covered with scales and are adapted for 
walking, perching, or swimming, and the feet are suitably modified for 
a particular mode of use. 

Since the fore-limbs are adapted for flying and not for grasping or 
similar functions, the original role of the fore-limbs is assumed by the 
mouth. The latter is modified into a long horny beak without teeth, 
which serves various functions depending on the needs of particular 
species of bird. 

The feathers of birds insulate their bodies and make it possible for 
the body temperature to be regulated as in mammals. Birds lay eggs 
protected in hard shells like those of reptiles, and show a high degree of 
care for their young. 

Birds are perhaps the best-known group of animals, and are spread 
all over the world. Their beautiful colours and voices have attracted so 
much attention that both professional and amateur students have 
devoted time to the detailed study of birds through the hobby of ‘bird- 
watching’. 

Evolution. The characteristic features of birds, outlined above, 
enable us to see that there is some relationship between reptiles and 
birds. There are also obvious differences which show the significant 
advance of birds over reptiles, and indeed over all other animals except 
the mammals. 

The similarities between reptiles and birds can be illustrated by three 
examples. In the first place, both have epidermal scales, which in the 
case of birds are found only on the legs. The scales and the feathers have 
the same origin, although the latter are more complex in structure. 
Secondly, although in general birds have no teeth, there is evidence from 
fossil remains that there once existed a bird, Archaeopteryx, which not 
only had teeth but also had certain characteristics common to both 
birds and reptiles. For example, this prehistoric bird had feathers, but 
there were also well-developed digits, bearing claws, on the wings. 
Finally, both birds and reptiles lay eggs which are covered with hard 
shells. These points provide evidence that birds must have evolved from 
reptiles in ancient times. 

As to the significant evolutionary advance of birds over reptiles, we 
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have the regulated body temperature resulting from the insulated 
covering of feathers. This feature, together with their ability to fly, 
their highly developed voice, hearing, and sight, and their special care 
for their young, make birds more successful in their adaptation for life 
on land and in the air. 

The domestic (or house) fowl, or chicken, is a bird which can be used 
to illustrate the structure and life-history of birds in general, although 
it does not normally fly. 

External Features. (Fig. 66.) The body of the fowl consists of the head, 
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Fig. 66. The domestic fowl 


the neck, the trunk, and the tail. The head is usually relatively small, 
the neck rather long and flexible, and the trunk, or body, large and 
streamlined, while the tail is short and bears the tail-feathers. On each 
side of the body is a Z-shaped wing bearing long flight feathers. The 
wing is a modified fore-limb and is extended when the fowl is flying. 
The body of the fowl is supported on the two hind-limbs. The upper 
segment of each hind-limb is muscular, but the lower leg is slender and 
without muscles; it is covered with scales and may also bear a cornified 
spur. Each foot has four toes with horny claws at the ends. 
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The head of the fowl bears the elongated beak or bill. On the upper 
part of the beak are two slits which are the nostrils. On each side of the 
head is a large eye with an eyelid divided into upper and lower halves, 
In addition to the eyelids, below the eye there is a membrane called the 
nictitating membrane which can be drawn over the eyeball. Behind each 
eye is an ear opening, covered by feathers. On the top of the head is the 
fleshy comb and below it may be the wattles. The skin of the fowl is 
soft and loosely attached to the muscles. It has only one gland, the oil- 
gland, on the tail. 

External Adaptations: Shape and Nature of Body. As mentioned above, 
the body of the fowl or other flying bird is streamlined, that is, the 
middle of the body is broadest and tapers towards either end, a shape 
which offers least resistance when moving through the air. In addition, 
the feathers not only overlap one another but are directed backwards, 
so that they are pressed into a smoother form as the wind passes over 
the body in the air. When the bird is flying the feet are either tucked 
close to the body or stretched out behind. 

The body of most flying birds is relatively light, since the feathers 
increase its size without increasing its weight. But in birds like the 
ostrich, which do not fly at all, the body is heavy. The fowl, which flies 
only occasionally, is gradually losing the habit of flying as it is bred to 
produce more and more flesh. 

The Feathers. The feathers are peculiar but interesting structures 
possessed only by birds. They have very useful qualities which fulfil 
important functions. As indicated, feathers are good insulators and 
help to regulate the temperature of the body. They are also waterproof, 
mainly as a result of oil which comes from the oil-gland situated on the 
tail. The bird dips its beak into the gland and spreads the oil on the 
feathers. Birds maintain their feathers in good condition by preening 
them with their beaks. 

The structure of feathers is easily seen in a typical feather (Fig. 67) 
such as is found on the wing of the fowl. It has a central horny axis 
called the shaft, or rachis, at the base of which is the hollow quill. This 
gives the name of the quill feather to this type of feather. The shaft 
bears the ‘feather proper’ with its flat surface, called the vane. Each 
half of the vane is made up of many narrow and parallel rows of 
branches called the barbs which are set obliquely to the shaft. The 
barbs are held together on either side by a row of smaller hooked 
branches called barbules. The barbs and barbules are easily seen when 
the vane is disarranged by the finger. Many of the quill feathers have a 
secondary shaft called the after-shaft attached at the junction of the 
principal shaft and quill, and this has its own vane. 

There are three main types of feather. These are the contour, or body, 
feathers, the down feathers, and the filoplume feathers. The contour 
feathers provide the covering for the main part of the body, and include 
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Fig. 67. Feathers of a bird: (a) quill feather; (b) down feather; (c) filoplume 
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the large flight or quill feathers of the wings and tail, just described 
as a typical feather. The shaft is nearly straight in these wing- and tail- 
feathers. In many other contour feathers, however, the shafts are curved 
so that their tips lie parallel to the surface of the body, thus overlapping 
one another and resulting in a smooth surface. Such contour feathers 
have rather slender shafts, while a number of the barbs at the lower part 
of the vane have no hooks to the barbules, so that they are free and soft. 

The down feathers (Fig. 67) are found in between the contour feathers 
in adult birds, and form the main covering in young birds. They have a 
short shaft with long flexible barbs and short barbules, which are not 
hooked together. They provide extra warmth as they hold air between 
their loose barbs. They are also greasy, and in water-fowl, such as 
ducks, prevent the body from getting wet. 

The filoplume feathers (Fig. 67) are minute, hair-like feathers which 
remain on the skin of the fowl after it has been plucked. They are dis- 
tributed rather sparsely all over the body, with clusters of them at the 
base of some contour feathers. A filoplume consists of a thread-like 
shaft bearing a tuft of a few rather weak barbs and barbules at its tip. 
The function of the filoplume feather is not fully understood. 

The Wing. (Fig. 68.) The wing of the common fowl provides an 
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Fig. 68. Parts of a bird's wing 


interesting modification of the pentadactyl, or five-fingered, : limb. 
When it is compared with the human arm (sec Fig. 71) it is possible to 
recognize most of the bones, although some of them are much reduced 
or fused together. For example, the three parts ofthe limb which corres- 
pond to the upper arm, fore-arm, and hand can be distinguished. The 
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number of digits is reduced from five to only three; of these the thumb 
is readily seen as a separate digit, but the second and third digits are 
joined together and covered with a web of skin. The thumb bears a 
tuft of feathers called the bastard wing, while the hand and the fore-arm 
bear the large flight feathers of the wing. The quill feathers attached to 
the hand are called primaries, while those on the fore-arm are called 
secondaries. 

When the bird is at rest, the wings are folded into the shape of the 
letter Z over the sides of the body, and in this position and shape they 
do not disturb the bird when it is walking or hopping. In flight the wing 
is extended but does not become straight, owing to two folds of skin 
between certain of the bones. One of these folds is found across the 
armpit, while the other extends from the upper arm to the wrist. 

Method of Flying. The bird flies mainly with the aid of the wings, 
while the tail-feathers help mainly in balancing; when the bird is 
landing it also spreads out its tail-feathers to serve as a brake. Steering 
is occasionally aided by the tail-feathers, but is often carried out by 
the tips of the wings. 

The structure of the wing is related to its function in flying. Thus 
when the wing is extended, it is not straight, as we found above, and in 
addition, neither is it perfectly flat. It is somewhat curved, with its 
convex surface upwards and the concave side below. For a bird to fly 
forwards and upwards, the wings are moved up and down. When the 
wings are raised above the back and then pulled downwards, the 
feathers are held so that air is compressed below the wings and this 
supplies the force which carries the bird upwards and forwards. In the 
upward movement, the feathers are opened to allow air through. 
During the up-and-down movements of the wings the tip of each wing 
also moves in a figure-of-eight, and plays an essential role in the process 
of flight. As mentioned above, the tip of the wing also helps in steering. 
Thus when the bird is turning to the left, for example, it increases the 
beat of the hand and the primaries on the right wing, while it is the 
beat of the hand and primaries on the left wing which are increased 
when turning to the right. 

Habits. Birds generally moult once a year—that is, lose the old or 
damaged feathers and grow new ones in each follicle to replace the lost 
ones. This is an orderly and gradual process and avoids having portions 
of the body bare at any time, or making flight difficult. To avoid the 
latter, the large feathers on the wing and tail are moulted in symmetrical 
pairs. Complete moulting of the fowl takes several weeks. 

Birds vary in their feeding habits, which are related to the shape of 
beak and feet (Fig. 69). The fowl, for example, is an omnivorous feeder 
and has a simple, strong, pointed beak which can deal with all kinds of 
food. It also has strong feet with blunt nails for scratching the surface of 
the earth in search of seeds and earthworms. As the bird has no teeth 
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Fig. 69. Adaptations of beak and feet of birds for different modes of life 
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it swallows its food whole; this is stored in the crop to soften before it 
passes to the part of the stomach called the gizzard where it is ground up. 
Small stones may be eaten to help the gizzard in grinding the food. 

The fowl has a poor sense of smell, but rather highly developed sight 
and hearing. 

Birds on the whole have such interesting habits that *bird-watching' 
is a popular hobby throughout the world. One of the fascinating aspects 
of their life is that of migration. Birds migrate over short or long dis- 
tances for breeding purposes, to avoid the wintry weather of the tem- 
perate climates or to feed. They may return to the same spot where 
they nested in previous years. Birds such as the curlew and plover, for 
example, leave the West Indies for Canada and Alaska to breed. The 
tropical parrots and other birds of the forest migrate into gardens in 
towns to feed on palm fruits when they are in season. In West Africa the 
kite and the buff-backed heron live in the savanna country during the 
wet season, but travel to the forest when water is scarce in the dry 
season. 

Most birds have the ability to produce calls or songs. Crows and 
similar birds can make special notes, which convey different ideas to 
others of their species; parrots, for example, have the power of mimicry 
—that is, imitating voices of people. The fowl produces notes to call its 
young, or warn them in the event of danger. Man has learnt to identify 
different species by means of their song. 

Life-history. Birds show interesting methods of courtship before 
mating. In the fowl, the cockerel (or male) goes through his courting 
performance to attract the hen (the female) and to drive away his rivals; 
this includes dancing to display the beauty of his plumage, which is 
often much more brilliantly coloured than is that of the hen. When she 
is won over, the cockerel mounts the hen and mating takes place. 
Spermatozoa are discharged in this process to fertilize the soft eggs in 
the oviducts of the hen. After this, the fertilized egg travels down the 
oviduct, where a substance is secreted which hardens into the hard 
calcareous shell. The eggs are laid in a clutch at the rate of one a day. 
s The hen, as in birds generally, shows maternal care for its eggs by 
incubating them for about twenty-one days. During this period the 
embryo inside the egg receives warmth from the hen, and also respires 
freely, since gases (oxygen and carbon dioxide) are able to diffuse 
through the porous shell. The embryo gradually develops into the 
young chick which feeds on the yolk and albumen in the egg. At the 
end of the incubation period the chick uses its beak to peck a hole in 
the shell and succeeds in splitting it. It then emerges from the shell with 
its body covered with velvety down feathers. 
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1. Reptiles. In the tropics it is very easy to study reptiles at close quarters, 
m following animals can be observed very conveniently in the places listed 

low: 

(a) Geckos: in any house or classroom after dusk. 

(b) Lizards and Skinks: on any school compound. 

(c) Chameleons: on school or house compounds, amongst vegetation on 
farms, and in the ‘bush’, 

(d) Monitor lizards: in swampy areas and near rivers and streams. 

Other reptiles may also be encountered from time to time—for example, 
crocodiles, turtles (both fresh-water and marine species), and snakes. 

Write a report on some of these reptiles along the following lines: 

(a) Gecko. Total body length; position of sense-organs on head; modifica- 
tions evident on digits of fore- and hind-limbs; colour of skin in relation to 
colour of immediate environment; feeding habits; type of eggs; duration of 
egg stage—from laying to hatching. 

(b) Lizard and Skink. Length of tail and body; colour of dorsal and ventral 
body surfaces; length of limbs in relation to size of body; locomotion; 
behaviour to other lizards and other animals. 

(c) Chameleon. Position and movement of eyes; size of mouth, length of 
tongue, and feeding habits (keep a chameleon in a cage without food for a 
whole day, then release it and observe it catching its food); use of tail; 
position of digits on both limbs during movement along a branch; colour 
changes in relation to light and shade and other environmental conditions. 

Chameleons are not dangerous animals despite the belief in some places 
that they spit out poison. Chameleons are ugly, have a frightening appearance, 
and sometimes behave in an alarming way—for example, lateral flattening of 
the body, and hissing through the widely opened pink mouth, Nevertheless, 
these animals are quite harmless and make a fascinating study. 

(d) Monitor lizard. Colour pattern of skin; mode of locomotion; relation 
between tail and body length; structure of the feet; feeding habits. 

2. Some West African snakes are very poisonous indeed—for example, the 
gaboon vipers, green mambas, and the black cobras, There is no easy way of 
telling whether a snake is poisonous or harmless, but as a general rule it is 
true to say that snakes with large heads, thick bodies, and small tails are very 
poisonous. Live snakes should not be examined, but observations should be 
made on dead snakes. 

Read the following paragraph and attempt to answer the questions by 
making the appropriate practical investigations. 

The traditional way of killing a snake is to break its back with a blow from 
a large stick, and then to crush the snake's head with a club. Why is it that the 
snake cannot move along the ground even if its back is broken in one central 
place only ? Some people cut off the head and the tail of a dead snake and bury 
them in the ground. Is there any scientific basis for treating the snake's tail in 
this way? What exactly are the fangs of a snake? Where is the venom, or 
poison, made in the body of a snake? What, precisely, is the function of the 
tongue of a snake? Is the snake's tongue ever dangerous to human beings? 

3. Birds. Examine dead male and female house fowls and note: their 
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relative sizes; feather colour; shape, size, and colour of comb, beak, and 
claws. How can you tell the difference between the sexes? 

4. Pluck some of the different types of feathers on the fowl, and examine 
them in detail with the aid of a hand-lens. Draw and label the following parts 
of a quill feather: quill, rachis (shaft), and vane, barbs, and barbules. 

5, It has been observed that in communities of hens, there is quickly 
established a phenomenon known as the ‘pecking order’. That is, fowl A will 
peck fowl B, and fowl B becomes submissive to fowl A; meanwhile fowl B will 
peck fowl C, and fowl C, though submissive to fowl B, will peck fowl D. 

Try to observe the behaviour of a group of hens in an open chicken-run 
(not in a battery), and see if you can recognize a definite rank or ‘pecking 
order’. Does this order of ‘superiority’ change as the birds become older, or 
when they moult? 

6. Observe birds in the countryside and take particular note of their feeding 
habits and general behaviour. Visit a zoo, if possible, and study the beaks and 
claws of as many different kinds of birds as you can—for example, owls, 
ree and vultures, parrots, sun-birds, bush-fowl, plantain-eaters, and king- 

ishers. 

7. Make a diary of the dates of arrival and departure in your particular 
area of any migrant birds—for example, the cattle egret. 


CHAPTER THIRTEEN 


General Characteristics of Mammals 


WE now come to study the mammals. These are regarded as the most 
highly developed class of animal because of the complexity and special- 
ized development of their brains. Mammals include such well-known 
animals as the dog, the cat, the rabbit, the guinea-pig, the rat, the sheep, 
and the monkey. Man is also a mammal. From these few examples it 
appears that mammals generally walk or run on four legs (except man). 
But man is not the only exception in the matter and it is worth noting 
that the bat—which flies—and the whale—which swims in the sea like a 
fish—are in fact also mammals. At one time most of the animals which 
come under the class of mammals were referred to as ‘beasts’, ‘quadru- 
peds’, or simply as ‘animals’, but these terms should not be used in 
biological studies. 


General Characteristics of Mammals 

Mammals are like birds in being warm-blooded (or constant tempera- 
ture) animals, that is, the temperature of the blood is regulated and 
remains constant within the body whatever the temperature of the air 
outside. In man, for example, the temperature of the blood remains at 
about 98:4? F, whether he is living near the Equator or near the Arctic 
Circle, except when he is ill. Apart from this slight resemblance to birds, 
mammals have a number of special features, as mentioned below, which 
distinguish them as a separate class of animal. 

Hair. All mammals are covered with hair, which is a form of exo- 
skeleton like the feathers of birds or the scales of reptiles. The hairs 
may cover the whole body of the mammal, as in the rabbit, or they may 
only be in scanty patches on the body, as in the elephant. 

Mammary Glands. The female mammal possesses mammary glands 
which secrete milk for feeding the young. The name ‘mammal’ is 
actually derived from the presence of the mammary glands. 

Viviparous Form of Reproduction. With the exception of two Austra- 
lian mammals which lay eggs, all mammals show this type of reproduc- 
tion, that is, the young one is retained for some time within the body of 
the mother where it develops to an advanced stage. It is finally born 
alive, resembling its parents. 

Teeth of Several Types. The teeth of mammals are not all of the same 
type (homodont) as in fishes and reptiles, but are of several types (hetero- 
dont). 

R—E 
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External Ears. The ears of mammals have external fleshy parts, 
called the pinnae. 

The Brain. In mammals the brain is large and complicated, and is the 
most highly organized brain found in animals. 

Sweat-glands. Within the skin of mammals are sweat-glands which 
help in the removal of waste products from the body. 

The Diaphragm. This is a muscular sheet which separates the chest 
cavity from the abdominal cavity, and is found only in mammals. All 
these features will be discussed in detail later. 


External Features in Relation to the Environment and Habits 

Mammals represent a highly successful adaptation of animals to life 
on dry land. Thus the environmental conditions under which they live 
are quite different from those of the fish and frog, although similar to 
those of birds. There is no need for scales, such as we find in fishes, 
since the atmosphere exerts little or no friction on the surface of the * 
body, and the type of skin found in the frog is also unsuitable for dry 
land. As in birds, the high rate of metabolism of mammals results in a 
body temperature that is higher than that of the environment; thus the 
skin is adapted to regulate and maintain this high temperature, which 
enables mammals to remain active under wide variations in climate. 
Similarly the hair of mammals serves as a heat-insulator by containing 
air which checks the loss of heat from the body. 

With such a system of conservation of heat, it may be necessary to 
bring down the body temperature if this gets too high. This is achieved 
with the aid of the sweat-glands in the skin which excrete sweat, the 
evaporation of which requires a certain amount of the body heat. Loss 
of heat from the body is also achieved when we exhale. 

In parts like the palms of the hands and the under-surface of the 
feet, which are in contact with the ground, the skin is much thickened 
to form pads, as we find on our own palms or soles. The skin also forms 
the strong nails or claws which are at the tips of the digits in mammals. 
Added to these, mammals have highly developed senses of sight, 
hearing, and smell which aid self-preservation. Above all, the large 
brain has resulted in a large skull. 

It is when we come to consider the various situations in which we find 
particular mammals, and also study their habits, with special reference 
to their modes of feeding, that we see the full range of adaptation in the 
ee features found in mammals. Some of these will be discussed 

elow. 

Body Structure. Mammals differ in size and shape of the body. Those 
which are swift-running, such as dogs and deer, are often rather slender 
and have long limbs. The whale, seal, and other mammals which live in 
water have streamlined bodies like those of the fishes and birds. In 
burrowing mammals like the mole the body is often elongated. 
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The Neck. Grazing animals such as the deer and the horse have long 
necks, In the giraffe, which browses on trees, the neck is extremely 
elongated. 

The Tail. The tail performs various functions in different mammals, 
and is suitably shaped in each case. In rodents such as squirrels which 
run and jump about, the tail is shaped to provide stability and balance; 
in some monkeys the tail can be used for grasping, and is therefore 
termed prehensile; in the whales the tail is flat, being used to propel the 
animal and also serve as a rudder; in the kangaroo the tail is stout and 
provides support and balance. 

Limbs. The limbs of mammals are also varied. In swift-running mam- 
mals, such as deer and antelopes, the limbs are slim and taper gradually 
to the foot, whilst in heavy mammals such as the elephants the limbs are 
far more massive. In burrowing animals, such as the mole, the limbs are 
short and the palms are broad. Finally, in the whales the front limbs 
are paddle-shaped and the back ones absent, whilst in the bats the fore- 
limbs and fingers are elongated to support the wing. 

The Foot. The basic number of toes on each foot in a mammal is five. 
However, the number is reduced in running mammals such as the deer, 
sheep, and horse. For example, in the deer and sheep the third and 
fourth toes are enlarged but the second and the fifth ones are reduced to 
small structures. In the horse there is only one toe left on each foot. 

Eyes. Mammals which feed on plants, such as rodents (for example, 
the rabbit and the squirrel) and hoofed mammals, like cattle and pigs, 
need to keep watch against their enemies when feeding in the open; 
thus the position of their eyes, which are at the sides of the head, is 
advantageous. On the other hand, the eyes of carnivores, such as cats 
and dogs, and primates, such as monkeys and man, are placed forward 
to provide binocular vision. 

External Ear. In grazing mammals, like the deer and the horse, the 
external ear is large and readily movable, while it is rather small in 
burrowing animals. It is virtually absent in swimming mammals like 
seals, 


The Skin of Mammals 

We have already emphasized the suitability of hair as a body covering 
in the mammal. We will now describe the structure and function of the 
various parts of the mammalian skin. 

Structure and Functions. A vertical section of the skin of a mammal 
(Fig. 70) shows that it is made up of two main layers; the outer layer, 
known as the epidermis, and the inner layer, the dermis. The epidermis, 
which is a protective layer, consists of an outermost layer of dead, hard, 
and rather flattened cells. They are usually rubbed off under friction and 
may be quite thick on parts of the body that are in contact with the 
ground, This forms the cornified, or horny layer which does not bleed 
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or cause pain when cut. Beneath this layer is a living granular layer; at 
its base is the Malpighian layer, from which actively dividing cells are 
produced to replace the dead cells of the cornified layer as they are 


worn off. . À 
Traversing the epidermis are the hairs and sweat-glands which arise 


deep down in the skin, but which really form part of the epidermis. 
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Each hair arises from a narrow tube, the hair-follicle, which starts from 
the dermis. At the base of the hair is the hair-papilla, which produces 
the hair. This is supplied with blood-vessels and small muscles. The 
latter can contract to make the hair stand on end from its normal 
slanting position. A little higher up the tube, the oil-gland (or sebaceous 
gland) opens into the hair-follicle and produces oil to make the hair 
waterproof. Pigment is responsible for hair colour. The hair prevents 
loss of body heat by trapping a layer of still air. 

The Sweat-gland arises as a coiled structure well in the inner layer of 
the skin, and opens on the surface by the sweat-pore. The sweat-glands 
absorb water containing urea and some dissolved salts from the network 
of small blood-vessels which surround them in the dermis. On reaching 
the sweat-pore the sweat evaporates from the surface of the skin, taking 
its latent heat of vaporization from the skin, and this helps in the regu- 
lation of the body temperature by cooling the skin. At the same time it 
aids in removing some excretory material from the body. 
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The second major layer of the skin, the dermis, consists of a collection 
of muscles, capillaries, and nerves and below all these are deposits of 
fat. The endings of nerves, which include the sense-organs of touch, are 
found much higher up in the dermis and epidermis. They receive 
stimuli, while the nerves are responsible for carrying the stimuli to the 
brain and spinal cord. The fat deposits below the dermis constitute 
a bad conductor of heat, which helps to conserve heat in the body. The 
capillaries transport food, oxygen, and waste products. The dermis is 
very thick in mammals such as whales which live in water. 

To sum up, the functions of the mammalian skin are: 


(a) To regulate the body temperature. This is carried out with the 
aid of the hair, the sweat-glands, and the fat deposits. 

(b) To serve as a protective covering. 

(c) To help in excretion by means of the sweat-glands. 

(d) To receive stimuli (heat, cold, pain, and touch) by means of the 
nerve-endings and to transmit them tothe central nervous system, 
by means of nerves, 


Regulation of Body Temperature 


Something has already been said on this, but here we must examine 
the subject in more detail. As mentioned above it is a great advantage 
that mammals and birds can maintain a constant body temperature, 
as this enables them to live in a wide range of climates, whether cold 
or warm. 

Now the maintenance of a constant body temperature should involve 
mechanisms to raise the temperature when it begins to fall below a 
certain point and to lower it when it shows a tendency to rise over- 
much. Heat energy, which raises the body temperature, is obtained 
from the oxidation (during respiration) of food substances which we 
eat. The high rate of metabolism in mammals calls for a large quantity 
of food. The resulting output of heat energy, which is carried in the 
blood to all parts of the body, may accumulate and cause the body 
temperature to rise; thus the need for getting rid of excess heat. 

There are at least three principal ways by which excess heat leaves 
the body. One of these is breathing. The temperature of the air we 
breathe out is higher than that of the outside air because the body is 
nearly always at 98-4° F. Thus whenever we breathe out, heat is being 
lost from the body through evaporation of water from the lungs. Since 
the air we breathe in is at a lower temperature, it means that it has to be 
warmed up to the temperature of the body when it gets into the body. 
This also means a loss of some of the body heat. About one-fifth of the 
heat lost from the body is accounted for by the processes related to 
breathing. 

The second and third methods of losing body heat both make use of 
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the skin. One is the production and evaporation of sweat, and the other 
consists of conduction, convection, and radiation, which are the ordinary 
physical processes of heat transfer. We have already dealt with some 
aspects of sweating when discussing the structure of the skin. The 
physical processes of heat transfer are rather important in man. The loss 
of heat in this way is greater when the outside temperature is high. 
When this happens the flow of blood through the capillary blood-vessels 
of the skin is increased. In such cases, the blood-capillaries increase in 
diameter to carry more blood. 

So far we have mainly considered the ways by which body heat is 
lost. We now come to ways of conserving heat when necessary. One 
such method is the converse of the physical processes of heat transfer 
mentioned above. It is found that when the temperature of the outside 
air falls, the blood-vessels in the skin contract and prevent excessive 
loss of heat. The second method is the possession of hair on the skin 
which, as has been mentioned, serves as a bad conductor of heat by 
trapping a layer of air. In man the covering of hair is not enough, and 
he often adds clothes to it. Lastly, there is the possession of fat under 
the skin which is a bad conductor of heat and is particularly thick in 
whales and seals. 


SUGGESTED PRACTICAL WORK 


1. Visit a zoo to see different types of mammals. Study in detail the external 
features and adaptation of either the rabbit, the rat, or the guinea-pig to suit 
its ony of life; note particularly the shape of the body, neck, tail, limbs, eyes, 
and ears. 

2. Obtain some cells of the epidermis of your skin by gently scraping the 
inside of the mouth with your finger. Observe these in a drop of water under 
the microscope. Draw the cells, 

3, Examine and make a drawing from a prepared slide of the skin of man 
or another mammal. 

4. By using a x10 hand-lens it is possible to see the external openings 
(pores) of the sweat-glands in the following areas of the skin: along the fore- 
head; at the end of the nose; along the margin of the upper lip; and on the 
palms of the hand. 


CHAPTER FOURTEEN 


The Skeleton and Teeth of Mammals 


IN the last chapter, we touched on the elements of the external skeleton, 
or exoskeleton, of mammals—such as hair, nails, scales, and hoofs. We 
are now to consider the internal skeleton, or endoskeleton, which pro- 
vides the framework necessary to maintain the shape and support the 
body of the animal. The internal skeleton is so vital in this role that it 
is simply referred to as the skeleton. 

The functions of the skeleton as a whole are: 


(a) to give support to the body; 

(b) to provide points of attachment for the muscles; 

(c) to facilitate movement of certain parts of the body by means of 
a hinged system of levers; 

(d) to protect certain delicate parts of the body. For example, the 
skull and the vertebral column protect the brain and the spinal 
column respectively. 


The skeleton of mammals (Fig. 71), as of other vertebrates, consists 
of: 
Skull 


Vertebral column 
(or backbone) 


Limbs forming the appendicular skeleton 
Limb girdles 


These parts will now be considered in some detail. 


| forming the axial skeleton 


The Skull 


As mentioned above, the skull protects the brain, but it also gives 
shape to the head. The skull (Fig. 72) consists of three parts: 


(a) the cranium, which is the box which holds the brain. This is 
made up of flat bones which interlock and fit together as in a jigsaw- 
puzzle. The cranium is relatively enormous in man, because of the 
highly developed brain. 

(b) the facial skeleton, which supports the nose and the eyes, as 
well as the muscles of the cheek; and 

(c) the jaws, which consist of the upper and lower jaws, and bear 
the teeth used in eating. The upper jaw is fused to the bones of the 
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Neck 
Skull (cervicol vertebrae) 


First two 
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Fig. 71. General plan of human skeleton 
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Fig. 72. Parts of the human skull 
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face; but the lower jaw is hinged to the rest of the skull and this 

enables the mouth to be opened and closed. Behind the hinge of the 

lower jaw is a flask-shaped set of bones which contains the inner ear. 

There is a large hole, the foramen magnum, right at the back of the 
skull, and it is through this hole that the brain is joined to the spinal 
cord. The skull articulates with the first vertebra of the vertebral column 
by means of flat surfaces called occipital condyles, situated on either 
side of the foramen magnum. 


The Vertebral Column 

The vertebral column, or backbone, consists of a series of small bony 
rings, called the vertebrae, forming a hollow tube which protects the 
spinal cord. The vertebrae are united to one another by fibrous tissue 
which restricts their movement on each other; they are separated from 
each other by pads of cartilage, 

A vertebra (Fig. 73) is 
composed of a body, the 
centrum, carrying an arch of 
bone, the neural arch, at the 
top of which is the neural 
spine, which projects back- Neural 
wards and upwards and to Ateh 
which the muscles of the Transverse 
back are attached. At each Process 
side of the neural arch is a 
projection called the trans- 
verse process, to which mus- TODOS CENTENA 
cles are attached in the body 
oftheanimal. Theneuralarch f^ UE n 

A E nterior View 

i paee T th Fig. 73. A model vertebra (thoracic vertebra) 
front and the other behind, which articulate with those of their 
neighbours by means of flat surfaces. This arrangement restricts the 
movement of the vertebrae. These projections are called zygapophyses. 
At the base of each of these, the neural arch is notched in front and 
behind, and through these notches pass the spinal nerves on their way 
out of the spinal cord. 

There are five types of vertebrae, the members of each group being 
adapted for a particular function. These are: 


1. Cervical (or vertebrae of the neck). 

2. Thoracic (or vertebrae of the chest). 

3. Lumbar (or vertebrae of the lower back). 
4. Sacral (or vertebrae of the hip). 

5. Caudal (or vertebrae of the tail). 
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The structure and functions of these types of vertebrae will now be 
discussed. 

Cervical Vertebrae, Typically, a cervical vertebra has a short neural 
spine and a hole in each transverse process. The transverse process 
divides into two short parts at its end. The first two cervical vertebrae 
are shaped differently from the others and are adapted for the function 
of supporting the head and allowing movement of the skull on the 
vertebral column. The first of these is called the atlas (Fig. 74) and has 
no centrum, a broad, flattened transverse process, and a large neural 
cavity divided into two by a transverse ligament. On the front of the 
atlas are two large cavities which receive a pair of knobs at the base of 
the skull. The head can nod on the atlas. 

The second vertebra is called the axis (Fig. 74). It can be distinguished 
by the fact that its centrum is produced into a peg-like process (the 
odontoid process) which projects into the lower cavity of the neural 
canal of the atlas. This arrangement allows the atlas to twist about the 
axis, and thus enables the head to be turned easily. The neural spine on 
the axis is large. Apart from the atlas and the axis there are five ordinary 
cervical vertebrae (Fig. 74). 

Thoracic Vertebrae. (Fig. 73.) The above description of the typical 
structure of a vertebra applies closely to the thoracic vertebrae. The 
latter have rather long neural spines for the attachment of the muscles 
of the shoulders and the ligaments of the skull. The thoracic vertebrae 
are in the region of the ribs, and thus the transverse processes have flat 
facets which connect them to the ribs. There are twelve or thirteen pairs 
of these in most mammals. The thoracic vertebrae, the ribs, and the 
breast-bone form the bony cage of the thorax. 

Lumbar Vertebrae. (Fig. 75.) These vertebrae have to carry the weight 
of the upper or front part of the whole body of the mammal. They are 
thus particularly large and strongly built. The transverse process is well 
developed and divided into upper and lower parts to provide an 
increased surface for the attachment of muscles. The first and second 
lumbar vertebrae each bear a short projection below the centrum. There 
are five to seven lumbar vertebrae in the mammal. 

Sacral Vertebrae. The vertebrae here are fused together to form a 
strong base which, with the pelvic girdle, forms the pelvis. The pelvis 
protects the main organs of the abdomen. Some vertebrae are usually 
fused together to form the sacrum (Fig. 75). 

Caudal Vertebrae. These vertebrae form the tail where it is present, 
so the number varies, and in man and other tailless mammals only small 
remnants or vestiges are found. In man these are four bones forming 
what is called the coccyx. 


The Limbs 
As mentioned in the study of the toad, the vertebrates, with the 
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exception of the fish, have developed limbs built on the pentadactyi, 
or five-fingered, plan. The main part of the limb is made up of a proxi- 
mal bone (which is attached to the limb girdle) next to the body, and 
two other bones. Then comes a series of small bones which form the 
wrist or ankle, followed by five rod-like bones of the palm of the hand 
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or the sole of the foot. At the end of these are the small bones, forming 
the joints of the fingers or toes. Thus the fore- and hind-limbs have 
essentially the same pattern, but the corresponding bones are given dif- 
ferent names. Fig. 76 illustrates the plan outlined above, and gives the 
common and scientific names of the constituent bones. A general des- 
cription will be made of the limb bones with emphasis on modifications 
of those of the mammal. 

The Fore-limb. The single bone nearest the body, which forms the 
arm or upper arm, is called the humerus. Following this is the fore-arm 
consisting of the two bones, the radius and ulna. The radius is on the 
side of the thumb. At the elbow joint, the ulna is drawn out into a 
projection called the olecranon process, which provides a surface for 
the attachment of a tendon of the muscles of the arm. In the wrist there 
are seven or (as in man) eight small bones called the carpals. The five 
rod-like bones of the palm are called metacarpals, while the jointed ones 
forming the fingers and the thumb are called phalanges. 

The Hind-limb. The single upper bone forming the thigh is called 
the femur. At the knee is the protective knee-cap made of a single small 
bone called the patella. The two bones of the lower leg are the larger 
one to the inside, called the tibia, and the smaller one to the outside, 
the fibula. The small bones of the ankle are called tarsals, while the 
rod-like ones of the sole of the foot are called metatarsals. Finally, we 
have the jointed bones of the toes called phalanges; here the same name 
is used for the bones of the fingers of the fore-limb. 

The various bones of the limbs of vertebrates are found to be 
specially modified to suit the habits of the particular animal. We have 
already come across the modifications in the toad (Chapter 11) and the 
bird (Chapter 12). In mammals we find that the limb bones of man, the 
bear, and some climbing forms have a relatively slightly modified struc- 
ture, as described above, which is very adaptable, but the hoofed mam- 
mals such as horses, which run, have longer limbs and a reduced 
number of toes. In the case of hoofed mammals the bone structure is so 
modified that one could say that their heels are raised and they walk on 
their toes. In the bat, the bones of the hand are enormously elongated, 
and the long fingers support the membrane of the wing. 

The Limb Girdles 

The limb girdles are bones within the body which act as supporting 
framework to which the limbs are jointed. The limb girdle for the fore- 
limb is called the shoulder, or pectoral girdle, and that of the hind limb, 
the hip, or pelvic girdle. They also follow a basic plan in all vertebrates, 
as in the case of limbs, Typically, each girdle (Fig. 77) consists of two 
symmetrical parts jointed midway at the lower side of the animal. Each 
half has an upper portion of one bone and a lower portion of two bones. 
In the pectoral girdle the upper bone is the shoulder-blade, called the 
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scapula, and the two bones of the lower portion are the collar-bone, or 
clavicle (anterior), and coracoid (posterior). In the pelvic girdle, the 
upper bone is the hip-bone, called the ilium, and the lower ones are the 
pubis (anterior) and the ischium (posterior). 

In mammals, the girdles are more modified than in other vertebrates 
such as toads, reptiles, and birds. In the pectoral girdle (Fig. 78) there 
is a cavity (the glenoid cavity) between the scapula and the clavicles. 
It is into this hole that the humerus fits, forming a ball-and-socket joint. 
The coracoid is much reduced to a small process near the glenoid cavity. 
The pectoral girdle is attached below directly to the sternum, but its 
connection above to the backbone is only by means of muscles. It is 
thus capable of movement. 

The pelvic girdle (Fig. 78) also has a cavity at the junction between 
the upper ilium and the lower pubis and ischium. This is the acetabulum, 
into which the femur fits. The ilium on each side is firmly attached to 
the sacrum to form the pelvis, while the pubes on the two sides meet 
together below. The pelvic girdle is thus not movable. 


Joints and Articulations 

When two or more bones meet each other a joint is formed. Some are 
fixed, e.g. skull joints; others move with the aid of muscles. The type of 
joint formed at each junction determines the nature of the movement 
that can take place at that joint. The two well-known types of joint are 
(a) the hinge type, found in the elbow and the knee, which allows free 
movement in one plane only and (b) the ball-and-socket type, found in the 
shoulder and the hip, which allows movement in almost all directions. 

We shall use these to illustrate the nature and role of joints in move- 
ment of the mammal. In order to prevent friction, the ends of each bone 
are covered with a layer of cartilage, and the bones are bound together 
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Fig. 78. (a) Half pectoral and (5) half pelvic girdles of a mammal 
by a capsule of ligaments. There is often a membrane inside the set of 
ligaments which secretes an oily fluid (the synovial fluid) to aid lubri- 
cation of the joint (Fig. 79). 


Fig. 79. Section of a joint to show structure 


Movement of the bones at the joint is brought about by the muscles 
which are joined to the bones by strong fibrous tissue, the tendons. Each 
muscle is attached to at least two bones, so that it can bring about 
bending or straightening of the bones when it contracts, depending on 
how it is placed. Usually the muscles are arranged in pairs and in this 
way.while one of them can cause a bend in the joint, the other can 
straighten it. The movement of a limb, for example, depends on many 
such pairs of muscles which act in co-ordination. 

The hinge type of joint is illustrated by the elbow and the knee; 
the ball and socket type is shown by the shoulder and the hip (Fig. 80). 
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The Teeth of Mammals 
Mammals have teeth that differ in shape, size, and to a limited extent 
in number, according to the feeding habits of the group, but the structure 
of each tooth is very much the same (Fig. 81). There are three parts of 
it: the crown, which is the part 
above the gum and which projects 
into the mouth; the root, which is 
the part embedded in the jaw; 
and the neck, which is the region 
onthe same level with the gum and 
where the crown joins the root. In- 
side the tooth a substance called 
dentine fills the greater part. Dent- 
ine is hard but resilient and 
therefore is able to resist strong 
pressures but is incapable of with- 
standing wear. Consequently a 
protective layer of a hard sub- 
stance called enamel covers the 
dentine in the region of the crown 
and the neck. In the region of 
the root the dentine is covered 
with cement,which helps to fix the 
tooth in its socket. The dentine 
itself surrounds a central pulp 
nerve and blood cavity, which contains soft, living 
sepeliea te pulp tissue supplied with blood-vessels 
Fig. 81. Structure of a mammalian and nerves. These pass through a 
tooth tiny hole at the base of the root. 
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There are four types of teeth in man (Fig. 82) and most other mam- 
mals. From the front of the mouth to the back these are: 

(a) Incisors. These are flattened, chisel-like teeth for biting food. 
There are four in each jaw of man. Incisors are well developed in 
gnawing mammals like mice, rats, and squirrels. 

(b) Canines. These are more pointed and stronger than the incisors 
and are used for tearing. In man there are two in each jaw on either side 
of the incisors. They are most developed in flesh-eating mammals like 
dogs, cats, and leopards and are absent in the rabbit. 

(c) Premolars. These are small teeth with broad crowns, a few sharp 
points for cutting, and flat tops for chewing and grinding. In man there 
are four of them, placed in pairs after each canine tooth. 


INCISORS CANINES pReE-MOLARS MOLARS 
Fig. 82. The teeth of man 


(d) Molars. Together with the premolars, these form the check- 
teeth. They are often not easy to distinguish, but it is known that the 
molars are not found in the temporary set of milk-teeth formed during 
childhood, but only in the permanent teeth. The temporary set in man 
consists of four incisors, two canines, and four premolars in each jaw. 
Their growth is completed at about the age of two and they serve the 
child until he is about six, when the permanent teeth begin to replace the 
temporary ones. The molars appear after the other permanent teeth 
have grown out. The permanent teeth, as already mentioned, consist of 
four incisors, two canines, four pre-molars, and six molars in each jaw. 

The number, kind, and arrangement of teeth in a mammal are often 
indicated briefly by means of a dental formula, In this formula the 
numbers represent the teeth of any particular kind in one half of 
the upper and lower jaws, and the letters preceding the numbers are 
the initial letters of the type of teeth, i.e., incisors (i), canines (c), 
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pre-molars (pm), and molars (m). Below are the dental formulae for 
man, two herbivores (rabbit and sheep), and a carnivore (dog). 


Man (permanent teeth) (omnivore) 


24741 2 3 
i—,c—, pm — m, — = 32 
oil ZaSS 


Rabbit (herbivore) 


2 0 3 3 
i—, c —, pm —, m — = 28 


Sheep (herbivore) 


0 0 3.13 
i—,c—, pm —, m — = 32 
3 «1 CAA 


Dog (carnivore) 


3.1 A32 
i—,c—,pm—,m— = 42 
3 3 


Diet and Dentition 

As we have indicated above and elsewhere, the modifications of the 
teeth found in different mammals are related to their diet and mode of 
feeding. 

Omniyores. Mammals which feed on a mixed type of food are called 
omnivores and have teeth which are relatively simple and look more or 
less alike. Man and the pig are in this group of mammals. As we found 
in the case of man (Fig. 82), the two pairs of incisors in the upper jaw 
are broad with sharp cutting edges, while the single pair of canines are 
bluntly pointed. The premolars have two blunt cusps, and each molar 
in the upper jaw has three or four cusps. 

Herbivores. Those mammals which feed on vegetation are said to be 
herbivorous. Horses, cows, and sheep are examples. We have given the 
dental formula for the rabbit and the sheep above. Mammals such as 
these have extremely long incisors which continue to grow throughout 
life and which have a sharp edge like a chisel (Fig. 83), very suitable for 
cutting grass or other vegetation. Often the canines are absent since 
they are not needed, although the sheep has one pair of canines in the 
lower jaw. The space left by the absence of the canines is often used to 
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hold food as it is gnawed. The premolars and molars are ridged trans- 
versely, making them suitable for grinding up food by sideways move- 
ments of the jaws. 

Carnivores. (Fig. 83.) These are flesh-eating mammals and all their 
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Fig. 83. Teeth of a herbivore (rabbit) and a carnivore (dog) 


teeth are sharp and pointed for the purpose of cutting and tearing flesh. 
In the dog the incisors are small and pointed, but the canines are 
especially large, curved, and pointed. The premolars also have one or 
more sharp points; the last upper premolar as well as the first lower 
molar are exceptionally large and are given the name of carnassial 
teeth. These work by sliding past each other to cut off flesh from the 
bones. The way in which the lower jaw is attached to the skull allows 
only upwards and downwards movements, and this makes it possible 
for the lower carnassial to bite within the upper one. The molars are 
primarily used for crushing, although some of them have one, two, or 
three cusps which can be used for cutting flesh when necessary. 


SUGGESTED PRACTICAL WORK 


1. Bones. (a) Your teacher will supply you with the bones of a mammal. 
(To prepare these he first dissected the animal and boiled the carcass in water 
until the attached muscles were easily removed.) Make careful drawings of a 
cervical, thoracic, and lumbar vertebra. Also study the humerus, the radius 
and ulna, the femur, the scapula, and the bones of the pelvic girdle. ; 

(b) Bones consist largely of calcium compounds. Place a piece of bone in 
dilute hydrochloric acid for a few days; note that it dissolves, leaving only a 
shred of organic matrix. 

(c) By considering the bones of your own skeleton, try to calculate the total 
number of bones in the human body. (The skull is made up of twenty-two 
bones.) What is the name of the longest bone in the human body? 
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2. Joints. Obtain some fresh bones of a mammal, such as a sheep, goat, or 
rabbit, from a butcher and study the construction of either the elbow and 
the shoulder or the knee and the hip. 

What bones and joints are involved in the movements of pronation and 
supination? (Note: The position of pronation is achieved by placing the arms 
in front of the body, with the palms of the hands facing downwards; supina- 
tion results from turning the hands so that the palms face upwards.) Can any 
other animals, apart from man, exhibit pronation and supination? 

3. Teeth. Remember that each of you in the laboratory is a mammal. 
Examine the teeth of a friend. Make a note of the number of each type of 
tooth, and write out your friend’s dental formula, noting any lost teeth. 

4. Inspect the teeth of children of various ages—for example, babies aged 
six months, ten months, fifteen months, and two years, and children aged six 
years, ten years, and fifteen years. Record the names of the milk-teeth in the 
order in which they appear. Also list the ages at which the permanent teeth 
appear in children. 

5. Examine the mouth of a dog, a goat, a sheep, a horse or cow, and a pig, 
and count the different kinds of teeth present on both upper and lower jaws. 
Does it seem to you that the teeth of each animal are suited to the kind of food 
it eats, or not? 


CHAPTER FIFTEEN 


Food and Diet 


BEFORE we consider digestion in mammals, we should first learn about 
their food. All living organisms require food for the following purposes: 


(1) To provide energy, produced by oxidation of the food. 
(2) To supply the material needed for growth. 

(3) To repair and replace old parts of the body. 

(4) To afford protection against disease and ill-health. 


The food-stuffs taken in by animals are generally ready-made and 
consist scientifically of six main classes of substances. These are (a) 
carbohydrates, (b) proteins, (c) fats and oils, (d) mineral salts, (e) water, 
and (f) vitamins. It is worth examining certain facts about each of these 
classes of foods. 


Carbohydrates 

A carbohydrate is defined as a compound of carbon, hydrogen, and 
oxygen, in which hydrogen and oxygen are present in the same pro- 
portions as in water (that is, with twice as many atoms of hydrogen as 
there are of oxygen). The main types of carbohydrates used as food by 
mammals are sugars and starches, and they are both formed by green 
plants. The sugars are the first substances to be formed during photo- 
synthesis in the leaf and they can later condense into starch. Carbo- 
hydrates are oxidized in the body to provide energy for muscular work, 
There are two types of sugars, known as simple and complex sugars. 
Forms of simple sugars are glucose (or grape-sugar) and fructose (or 
fruit-sugar). Complex sugars comprise sucrose (or cane-sugar), maltose 
(or malt-sugar), and Jactose (or milk-sugar). Starch exists in only one 
form. The simple sugars occur in Nature in dried raisins, sweet fruits, 
honey, and the roots and leaves of some plants. They are sweet and 
dissolve slowly in water. 

The complex sugars are found in large quantities in sugar-cane, 
(sucrose), in the breast-milk of mammals (lactose), and in malt-extract 
(maltose). They are far more soluble in water and are easily converted 
(by hydrolysis) into simple sugars by enzymes or by acids. 

The starches are found in various food substances well known in 
many tropical diets such as rice, potatoes, cassava or manioc, and yams. 

Tests for Sugars and Starches. It is possible to identify the type of 
carbohydrate that is present in any food substance. In the case of the 
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sugars the common test is based on their ability to reduce salts of copper 
present in Fehling’s solution, to insoluble cuprous oxide. This reaction, 
which only works in an alkaline solution, is shown by the change of the 
clear blue Fehling’s solution (provided in the laboratory) into an opaque, 
insoluble, brick-red cuprous oxide precipitate. All the simple sugars, as 
well as nearly all of the complex sugars which reduce copper oxide as 
shown above, are referred to as reducing sugars. A complex sugar like 
sucrose which does not give such a reaction is called a non-reducing 
sugar. 


Fehling's test for reducing sugars. Fehling's solution is usually provided in 
two separate bottles which are labelled ‘Solution A’ and ‘Solution B’ (or 
‘Solution No. 1’ and ‘Solution No. 2’). Add together equal quantities of the 
two Fehling’s solutions, and pour some of the mixture into a test-tube, Next 
add an equal volume of juice squeezed from a fresh orange (this orange juice 
contains a reducing sugar) to the Fehling’s solution in the test-tube. Place the 
test-tube in a heated water-bath and observe the various characteristic colour 
changes within the test-tube before the dark blue liquid becomes brick-red in 
colour. The red precipitate of cuprous oxide has been formed by the reducing 
action of the sugar on the copper sulphate of the Fehling's solution. 


Fehling's test for non-reducing sugars. A non-reducing sugar, such as sucrose 
in cane-sugar, will not react with Fehling’s solution as above, but will only 
do so if the sugar is first boiled with dilute hydrochloric acid, and then made 
alkaline with caustic soda. This is because the acid first breaks down or 
poles the complex sugar sucrose into two simple sugars, as shown 
below. 


hydrolysis by 


Sucrose add cc glucose 4- fructose 


Test for starch. It is very easy to test for starch. Cut a thin slice of yam and 
pour a small quantity of aqueous iodine solution on to the cut surface. 
(Note: iodine is not soluble in water, but is soluble in aqueous potassium 
iodide solution; do not use tincture of iodine, that is, iodine dissolved in 
alcohol, for this test.) A very characteristic blue-black colour is produced when 
dark, reddish-brown iodine solution is added to starch. Do you agree that 
yam contains large amounts of starch? 

A further test for starch is described in Chapter Thirty. 


Fats and Oils 

Fats, like carbohydrates, also contain carbon, hydrogen, and oxygen, 
but, unlike carbohydrates, the hydrogen and oxygen are not present in 
the same proportions as in water. Common sources of fats and oils are 
vegetable oils like coconut-oil, palm-oil, fat meat, butter, nuts, and 
milk. Fats are solid oils. They are readily oxidized to produce carbon 
dioxide and water and also set free energy which is transformed into 
body heat. The amount of heat produced from fats in this way is as 
much as twice that given by the same quantity of carbohydrates. There 
is thus no need to eat much fatty food in a tropical climate. 
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Tests for oils and fats. Many seeds contain part of their food store in the 
form of oil; this oil is detected by crushing part of—for example—a groundnut 
seed on a piece of filter-paper. A translucent patch develops on the paper, 
which is best seen by holding the paper up to the light. 
Another very reliable test is to treat the oily food material with fresh 1 per 
cent osmic acid; the result is a black stain. The fumes of osmic acid can be 
dangerous to the eyes, so take care when performing this test. 


Proteins 

Proteins contain not only carbon, hydrogen, and oxygen, as in 
carbohydrates and fats, but also nitrogen and often phosphorus or 
sulphur. Common sources of proteins include lean meat, white of egg, 
gelatine, milk, butter, and the seeds of many plants, especially legumes. 
When proteins are oxidized, they provide energy, as do carbohydrates 
and fats; but they also supply the material for growth and repair of the 
tissues of the body. This function is due to the fact that they form the 
main part of protoplasm (see Chapter 1) which is the ‘basis of life’. 
There are large numbers of different kinds of proteins, but they are all 
built up out of simpler compounds called amino-acids. 

Test for proteins, The presence of protein in a solution can be shown by 
adding an equal volume of sodium hydroxide solution and two drops of dilute 
copper sulphate solution. After shaking gently to mix, a violet colour appears. 
If the result is doubtful it is useful to set up a control using water in place of 
the specimen and to compare the colour with that given by the test specimen. 

Another test for proteins can be made by using Millon’s reagent. (This is a 
substance containing mercurous nitrate and nitric acid.) When Millon’s 
reagent is added to a substance containing protein, and the mixture is carefully 
heated, a pink or red colour is produced. 


Mineral Salts 

Normally, the food taken in by animals contains mineral salts, but 
certain salts which are used for specific purposes in the body are needed 
in larger quantities than is obtained from the foodstuffs, so that extra 
quantities of these are often added to the normal diet. Some of these 
salts are sodium chloride (common salt), calcium, and iron salts. 

Sodium chloride is present in the blood of all animals and since some 
of it is lost through sweating, it is necessary to add some salt to food. 
This is particularly important in the tropics where people sweat a great 
deal to keep cool. Calcium salts are used in the building-up of bones and 
teeth. Expectant mothers and children need much more calcium because 
of the rapid formation of bones and teeth, and they often have to take 
calcium tablets. Common sources of calcium include bones of the ani- 
mals we eat, milk, and cheese. 

Iron is an important ingredient in the red colouring matter called 
haemoglobin in the blood-corpuscles. Iron is commonly obtained from 
meat and vegetables such as beans and peas. It is not present in larger 
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quantities in plantains than is normal in other fruits, as is sometimes 
thought. 


Vitamins 

One very important group of accessory substances, existing in very 
small quantities along with some of the food substances we take in, 
are called vitamins. They contribute a great deal to the maintenance of 
our health, and when they are absent from our diet we suffer certain 
deficiency diseases. These diseases have been known for many years 
since the civilization of man, but it was only in the present century that 
the vitamins were discovered and their role in these diseases became 
known. À number of vitamins are now recognized and these have been 
named alphabetically, with sub-divisions in some cases. 

Vitamin A is a fat-soluble substance which is formed in animal fats, 
milk, and butter as well as in many yellow fruits such as the mango. 
Its absence from a diet can cause a type of blindness first recognized 
in Denmark during the First World War, when a number of the people 
had no supply of fresh milk or butter. 

Vitamin B, deficiency was first recognized in Japanese seamen who fed 
mainly on polished rice. This causes a deficiency disease called beri-beri. 
It occurs in certain parts of the tropics. The disease is prevented by 
eating unpolished rice instead of polished rice, and brown bread instead 
of white bread. Vitamin B, is known to be present in the outer layer of 
seeds and also in yeast, milk, egg-yolk, and liver. 

Vitamin C is present in fresh leaves and lemon juice, and in many 
uncooked fruits and green vegetables, but is destroyed by boiling. Its 
absence causes a deficiency disease called scurvy. 

Vitamin D, which enables calcium to be absorbed, is found chiefly in 
cod-liver oil. Its absence causes rickets, which results in bow legs and 
similar signs of soft bones in children. 

Finally, Vitamin E, which is present in the outer layer of seeds, in 
green vegetables, and in eggs, has been found to be essential for the 
reproduction of animals such as rats. 

It is obvious from this brief account of vitamins that fresh and 
natural food is vital for healthy life. 


Balanced Diet 

A study of the composition of the various foods which we usually eat 
shows us that we cannot hope to get all the essential food substances, 
proteins, fats, carbohydrates, mineral salts, water, and vitamins, from 
only one type of food. Moreover, we need to take these substances in the 
right proportions in order to maintain good health, and when this is 
achieved, the diet is described as being balanced. Such a diet should, 
broadly speaking, contain about 50 per cent of carbohydrates, 35 per 
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cent of fats, and about 12 per cent of proteins. The vitamins and mineral 
salts form only a very small proportion, but a lot of water or liquid is 
important for the body. 

As has been mentioned before, in many tropical diets there is far too 
much carbohydrate, far in excess of the 50 per cent normally expected, 
while the proportion of protein is too low. Such diets are clearly not 
balanced. This is largely due to the fact that foods containing proteins 
are expensive, while carbohydrate foods tend to be the cheapest. With 
such low standards of living in many under-developed countries in the 
tropics, most people cannot afford the expensive protein foods; yet in 
actual fact there are a number of relatively cheap foods in the tropics 
which contain a lot of valuable food substances, 


SUGGESTED PRACTICAL WORK 


1, Test for the food substances present in a meal of rice, beans, and red 
oil, or any one of the common local meals, 

2. Consult your lunch-time menu for the week. Each day, make an estimate 
of the proportion of each of the food substances in the meal. Examine your 
analysis and state, giving reasons, whether each menu constitutes a balanced 
diet or not. 


CHAPTER SIXTEEN 


"The Alimentary Canal and Digestion 
of Food in Mammals 


THE food we eat passes through a long, more or less convoluted tube 
(about twenty feet long in man) called the gut, or alimentary canal (Fig. 
84). This canal begins at the mouth, through which food enters the body, 
and ends at the anus, through which the waste remains of the food leave 
the body. The complex food substances, like carbohydrates, fats, and 
proteins, cannot enter the tissues of the alimentary canal, and so have 
first to be broken down into simpler, soluble substances, whose molecules 
are small enough to diffuse through the walls of the alimentary canal 
and finally into the tissues of the body. This is the main purpose achieved 
by passing the food through the alimentary canal. The process which 
brings food substances into solution, ready for absorption, is called 
digestion. Thus the aim of digestion is to prepare the food for absorption. 

Digestion is aided by certain substances called enzymes, produced by 
specialized living cells at specific parts of the alimentary canal. These 
enzymes are organic catalysts. As catalysts they are present in very 
minute quantities and yet can speed up the rate of reaction of large 
quantities of substances. This is possible since the enzyme itself remains 
unchanged at the end of the reaction which it catalyses. Enzymes are 
more or less specific with regard to the substances on which they will 
act. Thus the enzymes which help in the digestion of food may be classi- 
fied into (a) carbohydrate-splitting enzymes such as ptyalin, (b) protein- 
splitting enzymes such as pepsin, and (c) fat-splitting enzymes such as 
lipase. They are often contained in digestive juices produced by digestive 
glands. The action of the enzymes ptyalin, rennin, and pepsin will be 
illustrated later. 


The Passage and Digestion of Food 

The Mouth. Man takes in food at the mouth with the aid of his lips 
and teeth, particularly the incisors. The food is then chewed and ground 
up by the molars. By breaking the solid food into small pieces in this 
way, a larger surface area is created for the action of the enzymes which 
are present in digestive juices of the alimentary canal. The first such 
action begins in the mouth during the process of grinding the food, 
when it is mixed with saliya, a slightly alkaline digestive juice produced 
by the salivary glands. This juice contains the enzyme ptyalin, which 
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speeds up the rate at which cooked starch is changed into sugar (mal- 
tose). This digestion of starch, which starts in the mouth, continues 
until it is completed in the stomach and the small intestine. Sodium 
chloride increases the activity of ptyalin as will be shown later on. 

The Stomach. The food, moulded into a ball by the tongue, passes 
from the mouth via the throat and gullet to the stomach where it 
remains for several hours. Here, a digestive juice, the gastric juice, is 
secreted by glands in the stomach-wall and mixes with the food. This 
juice is strongly acid, containing hydrochloric acid; it kills bacteria and 
thus stops the food from decaying. It also begins to neutralize the alka- 
line saliva. Two enzymes, pepsin and rennin, are present in the gastric 
juice. Pepsin begins the digestion of proteins into soluble peptones, 
while rennin acts on the protein in milk, causing it to clot and allowing 
pepsin to act on it. The food, now virtually in a liquid state, passes 
gradually from the stomach to the duodenum through a ring of muscle 
between these two chambers. 

The Duodenum. In the first part of the small intestine, the duodenum, 
the acidic food meets two digestive juices, both of which are alkaline 
and which thus neutralize it. These are the bile from the liver and the 
pancreatic juice from the pancreas. The bile is a greenish fluid secreted 
by the liver and stored in the gall-bladder, from which it runs into the 
first part of the small intestine through a small bile-duct. Unlike the 
pancreatic juice, the bile does not contain any enzymes. However, it 
contains bile-salts which help to break up fats and oils into droplets to 
ease the work of the fat-splitting enzyme in the pancreatic juice. 

The pancreatic juice contains three specific enzymes which are con- 
cerned with the digestion of (a) starch, (b) proteins, and (c) fats. The 
starch-splitting enzyme (called diastase) begins digestion into sugar 
(maltose) of any starch not previously acted upon by the enzyme 
ptyalin in the mouth, such as uncooked starch. The protein-splitting 
enzyme (called srypsin) continues the digestion of proteins started by 
pepsin. The result is the formation of amino-acids. The fat-splitting 
enzyme (called lipase) breaks up fats and oils into fatty acids and 
glycerol. 

The Small Intestine. Digestion is completed in the small intestine, 
which is a narrow but rather long tube. The cells lining its internal sur- 
face secrete the intestinal juice, which contains enzymes which carry 
digestion of carbohydrates and proteins to their final stages. There are 
two sugar-splitting enzymes; these change the complex sugars (such as 
sucrose and lactose) into simple sugars (such as glucose and fructose). 
The protein-splitting enzyme acts on the peptones and converts them 
into amino-acids. 

In the small intestine the fatty acids, which are formed together with 
glycerol from fats in the duodenum, combine with sodium carbonate to 
form soluble compounds. Thus at the end of digestion the carbohydrates 
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are reduced to simple sugars, the proteins to amino-acids, and the fats to 
glycerol and fatty acids, the latter having combined with sodium 
carbonate to form soluble compounds. These are the forms in which the 
food we take in is finally absorbed into the cells of the intestine. Any 
unabsorbed food continues to travel in the gut to the anus. Before we 
consider the method of absorption, let us studyexperimentallythe action 
of some of the enzymes concerned with food digestion, which we have 
come across. 


Experiments to Illustrate the Action of the 
Enzymes Ptyalin, Rennin, and Pepsin 
Ptyalin 


Method. First prepare a solution of saliva. Warm about 50 c.c. of water 
in a beaker to about 37° C. Then use some of this water to wash your 
mouth free of any pieces of food. Next take about 20 c.c. of the water into 
your mouth and hold it there for a minute or more while keeping it moving 
all the time, This will make a solution of saliva. Pour this solution into a 
clean beaker and filter it. Also make a 1 per cent solution of starch. Mix 
equal quantities of the saliva and starch solutions in a test-tube. Shake up 
the mixture and put it in a water-bath at 37° C. (body temperature). In a 
second tube mix starch solution with distilled water instead of enzyme. Make 
a test of the changes in these mixtures every 30 seconds, by adding a drop of 
iodine solution to a drop of the mixture on a tile. A blue colour demonstrates 
the presence of starch, a purple or reddish colour shows the presence of 
dextrin (an intermediate substance in the hydrolysis of starch), while a colour- 
less reaction shows the absence of starch or dextrin, though the sugars to 
which starch is digested by ptyalin are present. The test should be continued 
until this negative reaction is obtained in the tube containing enzyme. It is not 
obtained in the other tube; digestion only occurs when the enzyme is present. 

If at this stage an equal volume of Fehling’s solution (A and B) is added 
to the remaining mixture and heated in a boiling water-bath, it will be found 
that a red precipitate, which demonstrates the presence of a reducing sugar, is 
formed. 

Conclusion. The enzyme ptyalin in saliva begins the digestion of starch to a 
reducing sugar (maltose). 


Pepsin 

Method. To 4 c.c. of 1 per cent pepsin solution in a test-tube, add 1 c.c. of 
1 per cent hydrochloric acid. Then put in the mixture a small piece of fish 
muscle. Place the test-tube in a water-bath at about 37° C. Shake it from time 
to time, and it will be found that as the pepsin digests the protein of the 
muscle, the latter gradually dissolves. In a control tube, with no pepsin, this 
does not happen. To ascertain that the solution contains protein, use half the 
mixture for a protein test (see page 151). The presence of half-digested protein 
can then be tested for by adding about 1 c.c. of 1 per cent bile-salt solution. A 
white precipitate will be formed. 

Conclusion. Pepsin begins the digestion of proteins into intermediate sub- 


stances (peptones). 
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Rennin ` d 

Method. Add about 1 c.c. of rennin solution to about 5 c.c. of fresh cow's 
milk in a test-tube. Shake well, and place the test-tube in a water-bath at 
about 37° C. A clot will be formed in the mixture in about 5 minutes’ time. 
On turning the tube upside-down the clot will not flow out. Again, show by a 
control experiment that the enzyme must be present for a clot to form. 

Conclusion. Rennin causes the clotting of milk. 


Absorption of Digested Food 

Absorption is the diffusion of digested food through the wall of the 
intestine into the blood-stream. The internal surface area of the small 
intestine is increased by means of small finger-like processes called villi 
(Fig. 85), each of which contains a network of capillary blood-vessels. 
These are situated beneath the layer of cells covering the villi. The 
centre of a villus is occupied by a blind tube called a Jacteal, which is one 
of the starting points of the Iymphatic system in the body. 
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Fig. 85. Villus 


The digested food first enters the cells covering the villi. The simple 
sugars (digested carbohydrates) and the amino-acids (digested proteins) 
proceed directly into the blood-capillaries of the villi. They then enter 
the veins of the villi which, on leaving the villi, join together to form the 
single large hepatic portal vein. This vein carries the food substances to 
the /iver where it divides again into capillaries. 
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The digested fats (fatty acid compounds and glycerol) do not follow 
the course of the simple sugars and amino-acids as described above, 
but enter the /acteals of the lymphatic system. Here the glycerol and 
the fatty acids recombine to form once again tiny droplets of 
fats. The droplets in the lacteals are carried into large lymph-vessels, 
which in the end send them to a particularly large vein below the neck. 
From here the droplets join in the general circulation of blood round 
the body. As we have stated above the sugars and amino-acids first 
enter the liver before joining the general circulation in the body. The 
release of these substances to the blood is controlled by the liver, so 
that only the required amount enters the general circulation by the 
hepatic vein. The excess sugars are converted into glycogen (animal 
starch) and stored in the liver until needed, when they are reconverted 
into sugars which pass into the blood. In the case of the amino-acids, 
any excess may be converted into a quite harmless substance called urea, 
which is removed from the body, or converted into other substances 
which can be reconverted into glucose when necessary. We notice that 
the liver, apart from producing bile, has these two other important 
functions. 

Assimilation. The blood carries the absorbed food substances to the 
tissues of the body, which assimilate them, or take them in. With the aid 
of oxygen carried in the blood, the food substances are oxidized by res- 
piration to provide energy for vital activities or to build up new proto- 
plasm for growth. 

Elimination of Undigested Residue. After practically all the digested 
food has been absorbed in the small intestine, the undigested and indi- 
gestible residue proceeds to the Jarge intestine together with large quan- 
tities of water. In the large intestine of man water is absorbed from this 
residue, leaving the semi-solid faeces which collect in the rectum and 
are passed out through the anus. Herbivorous mammals have a blind 
projection of the large intestine in which bacteria convert the cellulose 
in grass into simple sugars, some of which are then absorbed. 


SUGGESTED PRACTICAL WORK 


1. Enzymes in digestion. Carry out the experiments described in the text for 
demonstrating the action of the digestive enzymes ptyalin, pepsin, and rennin. 

2. Plant enzyme. The action of a protein enzyme in plant material can be 
shown as follows. Mix the juice from the leaves and unripe fruit of a pawpaw 
with some well-minced meat. Note the effect after a few hours. 

3. Alimentary canal. Your teacher will dissect a rabbit, a rat, a guinea-pig, 
or some other mammal to show you the parts of the alimentary canal. Make 
a clear, well-labelled drawing of it, with special reference to all the glands 
associated with digestion. 

Compare and contrast the appearance of the caecum and appendix of a 
herbivore and a carnivore. How is the size and shape of these organs related 
to the dict of the animal? 


CHAPTER SEVENTEEN 


The Blood and its Circulation 


We found in the previous chapter that the digested food substances are 
carried by the blood round the body in the blood-stream, so that when 
they are oxidized the heat energy released thereby is made available 
to all parts of the body. Thus in order to be useful to the body, the 
blood must keep moving round all parts of the body, and this is known 
as circulation. If circulation stops death follows since the tissues of the 
body are unable to obtain the oxygen necessary for respiration. 


Structure of the Blood 

Before considering the course of the blood in the body, we should 
first examine the structure of the blood to discover more about its 
functions in the body. 

The blood of vertebrates consists largely of an almost colourless fluid 
called the plasma, in which are cells. These are of two main kinds—the 
red and white corpuscles (Fig. 86). The red corpuscles are rather small, 
rounded, bi-concave discs, which in the mammals do not possess 
nuclei, They play a most important role in carrying and distributing 
oxygen, and they do this by means of a pigment, haemoglobin, which is 
responsible for the red colour of the corpuscles. This pigment takes up 
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Fig. 86. The red and white blood-corpuscles 
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oxygen in chemical combination in the lungs to form a compound 
known as oxyhaemoglobin. When the corpuscles reach a part of the body 
with a lower concentration of oxygen, the oxyhaemoglobin gives up its 
oxygen to such tissues, and becomes ordinary haemoglobin. 

The white blood-corpuscles have an irregular outline and may have 
a lobed nucleus. They perform very important functions in the body, 
although their number is small compared with the red corpuscles, They 
are virtually the soldiers of the body, in that they are able to get rid of 
bacteria which enter our body tissues, by engulfing and feeding on 
them. In this manner they resemble Amoeba. 


Functions of the Blood 
In the course of our descriptions of digestion and the structure of the 
blood, we have come across a few of the functions which the blood ful- 
fils in its circulation round the body, but we are now to consider all the 
functions as a whole. The main functions are: 


1. To transport food including vitamins. Digested food and vitamins 
are absorbed from the small intestine into the blood, which circulates 
until it reaches the tissues requiring it. 

2. To carry oxygen. The haemoglobin of the red blood-corpuscles 
absorbs oxygen from the respiratory organs and carries it to the 
tissues to oxidize the absorbed food substances. 

3. To protect the body against disease. The white blood-corpuscles 
get rid of bacteria as they enter the body. In doing this the blood also 
carries in the plasma certain antibodies which help to kill the 
bacteria. 

4. To transport chemical regulators. Hormones from ductless glands 
(Chapter 20) are carried in the plasma to the tissues for the control 
of a number of body functions. 

5. To maintain the temperature of the body. Heat energy is trans- 
ported from tissues (like the muscles which do a lot of work) to the 
skin and other parts to help in regulating the temperature of the body. 

6. To get rid of carbon dioxide produced in the tissues as a result of 
respiration, 

7. To carry waste products. These result from the digestion and use 
of proteins, and are carried to the liver, where they are converted into 
urea. Finally the blood conveys the urea to the kidneys, which remove 
it from the body. 

8. To control loss of blood from wounds and also to prevent entry 
of bacteria, by means of clot formation. 


General Principles of Circulation 
The blood of vertebrates is carried in a system made up of the heart, 
arteries, veins (all of which are the vessels), and capillaries. Before 
describing this system in the mammal, we should know something about 
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the general principles involved in the circulation of blood. Before the 
time of William Harvey, the Englishman who demonstrated the circu- 
lation of the blood in 1628, scientists knew merely of the presence of 
blood in the heart, arteries, veins, and capillaries but were not aware 
that these formed a closed system (Fig. 87). We now know that the 
heart sends out the blood through the arteries, and receives it back 
through the veins. In fact, the main purpose of the heart is that of a 
muscular pump, which by contracting rhythmically (that is, beating) 
forces the blood along the vessels. The direction of flow of the blood in 
the heart and vessels is controlled by means of valves. 


SYSTEMIC OR BODY CIRCULATION 


NS 


Fig. 87. The closed system of blood circulation 


The arteries are the blood-vessels which carry the blood away from 
the heart, and the main artery is known as the aorta. Because of the 
considerable force with which the blood leaves the heart the arteries 
have rather thick and elastic walls. Every time the heart contracts (or 
beats) to force out blood, the arteries expand momentarily; this wave 
of expansion which passes along the artery is known as the pulse. It is 
manifested in the regular pulsation which can be seen wherever an 
artery passes close beneath the surface of the skin, and by the way in 
which the blood spurts out if such an artery is cut when we are injured. 
The rate of pulse and heart-beat averages about seventy-two a minute in 
human beings. This rate is often increased, as a result of exercise or 
excitement. 

After leaving the heart the arteries divide and sub-divide extensively, 
and their walls become progressively thinner and thinner, until they 
become the extremely tiny vessels known as the capillaries (Fig. 88). 
These capillaries are very numerous and run into practically all the 
tissues of the body. They have very thin walls through which the diges- 
ted food substances, oxygen, and waste products diffuse. The sub- 
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stance diffusing in and out of the capillaries first passes through the 
spaces between the cells or tissues, which are filled with an almost 
colourless fluid called /ymph. Basically this is made up of blood-plasma 
and some white blood-corpuscles. The lymph serves the function of a 
‘middle-man’ between the capillaries and the cells of the body tissues. 
From the arterial capillaries, the blood begins to make its way back to 
the heart. It starts by passing from the capillaries of the arteries to the 
capillaries of the veins, enters small veins, and finally flows through 
larger veins. It is possible, using a microscope, to see circulation in the 
capillaries in the web between the 
toes of an anaesthetized toad. 
The veins have much thinner 
walls than the arteries, and the 
blood they carry has little or no 
oxygen and thus looks dark red 
in colour—very different from 
the bright red of the oxygenated 
blood in the arteries. In most 
cases this deoxygenated blood 
goes to the heart and then to the 
lungs to be oxygenated, but some 
veins do not send their blood 
directly to the heart but first Fig. 88. Blood-capillaries 
into some other organ. Such a 
vein is described as a portal vein, and a good example is the vein which 
carries the blood from the walls of the alimentary canal to the liver, the 
hepatic portal vein already mentioned. 


Circulation in the Mammal 

We now have a general picture upon which we can base a detailed 
description of the circulation of blood in mammals (Fig. 89). 

Since circulation is associated with the mode of obtaining oxygen for 
respiration, we find that in the mammals the blood enters the capillaries 
of the lungs for this purpose. Also, unlike that of the other lower verte- 
brates such as fishes, amphibians, and reptiles, the heart of the mammal 
is divided up into four chambers (the right and left auricles above, and 
the right and left ventricles below) with no communication between the 
two vertical sides. In other words, the right auricle and ventricle are on 
one side, and the left auricle and ventricle are on the other. Thus the 
mammal is said to have a double circulation. One circulation takes the 
blood from the heart to the lungs and back to the heart, and is called 
the pulmonary, or lung, circulation; the other takes the blood from the 
heart to the various other parts and organs of the body and back to 
the heart, and this is the systemic, or body, circulation (see Fig. 87). 

Pulmonary Circulation. The deoxygenated blood is forced from the 
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Fig. 89. Heart and blood-circulation system in mammals 
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right ventricle (as the ventricles contract) into the pulmonary artery 
which carries it to the lungs. In the lungs the artery breaks into capill- 
aries through whose very thin walls oxygen diffuses into the blood from 
the air. When oxygen has been absorbed in this way, the oxygenated 
blood returns from the capillaries of the lungs through the pulmonary 
veins to the left auricle of the heart. From the left auricle the blood 
passes through a valve (the bicuspid valve) into the left ventricle. 
Systemic Circulation. The blood leaves the left ventricle by the aorta, 
which is the main artery carrying the oxygenated blood for the body 
circulation. The aorta branches into smaller arteries which supply the 
head and the fore-limbs, while the major part continues to the main 
part of the body. The latter artery also sub-divides into smaller arteries 
which supply blood to the trunk, the liver (the hepatic artery), the 
alimentary canal, the kidneys (the renal artery), the reproductive organs, 
and the hind-limbs. To all these tissues oxygen is supplied by the blood- 
capillaries which enter them, and carbon dioxide is absorbed from them 
into the blood. Blood leaves the liver by the Aepatic vein. The blood 
from the alimentary canal, as we have indicated above, leaves it by the 
hepatic portal vein to the liver, and goes from there along the same hep- 
atic vein. Blood in the kidneys is purified by removal of waste nitro- 
genous products such as urea and leaves the kidneys by the renal vein. 
After the blood has passed on its oxygen and collected waste- 
products such as carbon dioxide from the various tissues, it returns 
to the heart. Three main veins are involved in this return: two of them— 
the one from the head and the other one from the fore-limbs—unite to 
formtheanterior vena cava, while the third, the posterior vena cava, returns 
blood from the hind-limbs, kidneys, liver, and the alimentary canal. The 
blood enters the right auricle. When the auricles contract the 
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deoxygenated blood from the right auricle is forced past the tricuspid 
valve into the right ventricle. This ends the systemic circulation, for, when 
the auricles contract again after this, the deoxygenated blood is forced 
from the right auricle into the right ventricle and when the ventricles 
contract it leaves the heart through the pulmonary artery to the lungs 
where it is oxygenated (i.e., pulmonary circulation). 


SUGGESTED PRACTICAL WORK 


1. Prick the end of your thumb with a sterilized needle to obtain a small 
drop of blood. Transfer this drop of blood to a glass slide and use the end of a 
second glass slide to spread the blood along in a very thin film; place a cover 
slip over part of this blood smear. Examine under the microscope and note 
the blood-corpuscles. If one of you has a boil or pimple, make a prick near 
this and examine the blood as above; what is the main difference here in the 
composition of the two types of blood-corpuscles ? 

2. Your teacher will dissect a mammal and show you the heart and the 
main blood-vessels. Note the darker colour of the veins and the paler colour 
of the thick-walled arteries. 

Try also to examine the heart of a larger mammal such as a sheep, and note 
the parts of the heart and the valves. Which chamber of the heart has the 
thickest walls? What differences do you see between the bicuspid and the 
tricuspid valves? Test the strength of the chordae tendineae; do they break 
easily, or not? Relate these structures to the surrounding walls and to the 
valves and try to discover how well the chords are suited to their work. 

3. Take your own pulse by either (a) placing your hand below your left 
breast or (b) placing your right hand on your left wrist, and count the number 
of beats in a minute. Repeat after running round the school compound. What 
is the difference and why? 

Find the average pulse rate of the pupils in your class (a) after a period of 
sitting down, and (5) after a period of energetic exercise. The usual figure given 
for the average pulse rate is 72 beats per minute; is this true for your class? 

4. Capillary circulation. Chloroform a tadpole, but not enough to kill it. 
Then place it on a slide after dipping it into fresh water, and examine the 
membrane of its tail through a microscope. Note the network of capillaries 
and the blood circulating through them. Try to follow the movement of the 
blood from an artery to a vein. 

Your teacher could also anaesthetize a toad by immersion for 20 minutes 
in a 1 per cent solution of urethane, and show you the network of capillaries 
in the web between the toes. 

5. Pressure points. There are certain places in the body where arteries run 
near the surface of the skin—for example, at the wrist, in the ‘crook’ of the 
elbow, and beneath the armpit. By exerting pressure in these places (that is, by 
placing the thumb firmly on the superficial main artery), it is possible to 
prevent blood from flowing beyond that point. This knowledge is particu- 
larly valuable to doctors and nurses and to those interested in first aid. Try to 
discover more about the subject of pressure points in the human body, and 
work out how this knowledge may be applied in cases of serious wounds, 
snake bites, and so on. 
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CHAPTER EIGHTEEN 


Respiration, Excretion, and 
Reproduction in Mammals 


Respiration 

THE essential feature of respiration is that food substances are broken 
down with the aid of oxygen and as a result carbon dioxide and water 
are produced and energy is released. This takes place within the tissues 
and is properly called tissue, or internal, respiration. We are more familiar 
with the movements of the chest and lungs (called breathing) which are 
associated with the taking-in of oxygen and the giving-out of carbon 
dioxide to the outside air. This in fact constitutes external respiration. 
Breathing is thus a mechanical process and by itself has not much to do 
with the meaning of respiration proper. 

Breathing (Inspiration). Breathing or external respiration consists of 
two processes, that is, breathing in, or inspiration, and breathing out, or 
expiration. The organs concerned with the process of breathing, or 
external respiration, are the wind-pipe (trachea) from which branch the 
lungs, the ribs, and the muscles between them (intercostal muscles), and 
the diaphragm (Fig. 90). All these together with the heart are contained 
in the chest or thoracic cavity, which is lined with a thin membrane, thus 
creating an air-tight cavity called the pleural cavity. 

When we breathe in the air passes through our nose, down the throat, 
and into the lungs. The process involves action on the part of the inter- 
costal muscles as well as the diaphragm, which is a muscular sheet at 
the base of the thorax and which separates the cavity of the latter from 
that of the abdomen. The under-surface of the diaphragm is concave 
when at rest. When inspiration begins the intercostal muscles contract 
and thus pull up the ribs, which are pivoted on the vertebra. The ribs 
rise and carry the sternum forwards; at the same time the diaphragm is 
flattened by contraction of its muscles. These movements result in the 
enlargement of the pleural cavity of the thorax; and since this cavity is 
air-tight, its enlargement results in a lowering of the pressure inside it 
as compared with that of the atmosphere. This leads to an expansion of 
the thin walls of the tiny air spaces inside the lungs, called alveoli (Fig. 
90). The alveoli are in connection with the outside air so that by their 
expansion air enters the lungs along the nose or nostrils, trachea, 
bronchi, and the bronchioles. 

Oxygen is taken up and carbon dioxide released across the thin sur- 
face layer of each alveolus. The highly convoluted surfaces of the alveoli 
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increase the area over which this process can take place. In fact the 
area of the internal surface of a pair of human lungs has been estimated 
to total as much as 500 sq. ft. Each alveolus is well supplied with blood- 
capillaries. Oxygen in the inhaled air dissolves in the layer of moisture 
which lines the alveoli and then diffuses in solution through their thin 
walls into the capillaries. Here the oxygen combines with haemoglobin 
in the red blood-corpuscles to form oxyhaemoglobin. As oxygen is 
entering the blood, carbon dioxide is leaving by diffusion in the other 
direction. The air in the lungs therefore has an increasing concentration 
of carbon dioxide and a decreasing concentration of oxygen. It is this 
change which stimulates us to breathe out. 


Larynx 
Bronchus Trached 
(Wind-pipe) 


Cut 
Ribs 


Pulmonary faph 
Vein Diaphragm 
Bronchiole Pulmonary 
Artery Capillary 
from 


Pulmonary 


Capillary 


to 
Pulmonary 
Vein 


NZ. 


Capillaries SINGLE ALVEOLUS 


around alveoli 


Fig. 90, Respiratory organs and structure of the alveoli 


Tissue Respiration. This is the chemical process by which all living 
cells obtain energy. In each cell carbohydrates are broken down by 
oxidation to release carbon dioxide, water, and energy. The equation 

Carbohydrate+O =CO:+H.0-+Energy 
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summarizes the reactions which take place. This energy is either used 
in metabolism or released as heat. 

As a result of tissue respiration the blood in the capillaries becomes 
deoxygenated. Oxyhaemoglobin breaks down to haemoglobin and 
oxygen, and the oxygen diffuses from the blood into the lymph and 
from the lymph into the individual cells. Carbon dioxide diffuses in 
the opposite direction—from the cells to the blood in the capillaries. 

Breathing Out (Exhalation). To breathe air out, theintercostal muscles 
relax and the ribs are lowered; at the 
same time the muscles of the diaphragm 
are relaxed. This increases the pressure 
inside the alveoli which causes the used 
air to rush out from the lungs. The 
expired air not only contains a high 
percentage of carbon dioxi it 


also warmer and daet 1 [^N 
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bros pounds, as well as salts which come 
from the living cells of the body. Faeces passed out of the alimentary 
canal are not excretions because they are substances which have not in 
fact entered the living cells, but have only remained outside them 
throughout the process of digestion. 

Carbon dioxide and water are both formed by the oxidation of food 
material, especially glucose, to set free energy during respiration as 
indicated above. The main excretory organs in this connection are the 
lungs, and the carbon dioxide and water vapour from the blood leave the 
lungs when we breathe out as already described. 

Some water and nitrogenous compounds are formed during meta- 
bolism of proteins. The compounds formed in the liver include urea 
(a nitrogenous compound of ammonia) and carbon dioxide. The prin- 
cipal organ for removing nitrogenous waste is the kidney and we shall 
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have to study this organ in some detail. The sweat-glands in the skin 
also serve as excretory organs by losing large quantities of water 
and a little urea and mineral salts in the form of sweat. We have already 
dealt with this at some length in Chapter 13, where it is pointed out that 
the evaporation of water from the sweat-glands serves also to regulate 
the body temperature. 

Less water is lost from the skin when the air temperature falls below 
that of the body, and in such cases the lungs and the kidneys increase 
their activity in getting rid of the excess water. In mammals with sweat- 
glands (including man), much water and salt are lost from the skin, 
especially in the tropics, where they have to drink more water and take 
more salt in their foods than they do in temperate climates. 

The kidneys (Fig. 92) are the principal excretory organs in all verte- 
brates. They are found as a pair of bean-shaped bodies attached to the 
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Fig. 92. The kidneys. A, general view; B, detail from cortex 


dorsal wall of the abdomen. Inside each kidney are numerous tiny 
tubes surrounded by fine capillaries which help to absorb the unwanted 
salts, water, and nitrogenous compounds from the blood and pass them 
to the ureter. A section of the kidney (Fig. 92) shows two well-marked 
regions. The outer section is called the cortex and here the tubes are 
much convoluted and each of them ends blindly in a cup-shaped organ 
called a Bowman's capsule, which surrounds a knot of capillaries, called 
the glomerulus. The inner region is known as the medulla, and here the 
tubes are straighter. 
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From the blood in the knot of capillaries a watery fluid, containing 
salts, sugars, urea, and in fact all the substances dissolved in the blood 
plasma, is filtered into the Bowman’s capsule. This fluid passes down the 
tubule and eventually reaches the region where a second network of 
capillaries surrounds the tubule. The re-absorption of the sugars, some 
salts, and all the other substances not normally found in urine takes 
place here, where the blood absorbs water back into the capillaries, 
leaving concentrated liquid in the tubule. This liquid is the urine, which 
is carried in the straight tubes of the medulla through larger and larger 
collecting tubes into the ureter. One ureter comes from each kidney and 
the two enter the urinary bladder, which is the storage organ for the 
urine until it is voided through the urethra. 


Reproduction 
The female reproductive organs (Fig. 93) in mammals consist of two 
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Fig. 93. Human female reproductive organs 


ovaries which can be seen as small white oval bodies, in the dorsal wall 
of the abdomen under the kidneys. They produce the ova, or egg-cells, 
which, when ripe, are set free at intervals into the openings of a pair of 
oviducts, or Fallopian tubes, along which they travel to their lower parts, 
which are much thickened. The two tubes join together to form the 
uterus, or womb, which communicates with the outside opening, the 
vulva, by the vagina, 
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The male reproductive organs (Fig. 94) are the paired, oval testes, 
which are formed during development in much the same position as are 
the ovaries, but which sooner or later move backwards to lie in two 
scrotal sacs (one sac in man) near the surface. The testes produce the 
sperms which are released down the male ducts or vasa deferentia 
through the urethra to the penis. The latter is a coupling organ, by 
means of which sperms are transferred into the vagina of the female. 
When this happens the sperms swim up the Fallopian tube to unite with 
or fertilize one of the ova on its way down the tube. 
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Fig. 94, Human male reproductive organs 


The fertilized ovum or embryo then passes down the tube till it 
reaches the wider part of the uterus, or womb, where it attaches itself 
to the wall and begins to grow by active cell-divisions. The length of 
development of the embryo in the uterus varies with the type of mam- 
mal. For example, in man it is usually nine months, in the rabbit 
three weeks, while it is up to twenty months in the elephant. This 
period is called the period of gestation. The embryo gets a supply of 
oxygen and food from the blood-stream of the mother, and is able to 
remove excretory matter in the same way. This exchange of materials 
between the mother and the embryo is not achieved through a continu- 
ity of their capillary blood-vessels since the embryo has its own inde- 
pendent circulation of blood. The exchange is done through the 
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placenta, which is an outgrowth of the embryo itself, and its membranes 
which form finger-like processes in the uterus wall (Fig. 95). 

After birth, the baby is helpless and needs much parental care. The 
parental instinct is most highly developed in the mammals. The young 
are fed on milk produced by the mammary glands. The milk contains all 
that makes a complete diet, and is easily digested and absorbed. The 
baby is sheltered and cared for until it is able to look after itself. 
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Fig. 95. Embryo in womb 


It is worth pointing out here that the reproductive and urinary organs 
are closely associated and are very often referred to collectively as 
the uro-genital organs. Thus the bladder of the urinary organs opens 
into the female vulva or the male urethra so that, for instance, the 
urethra convey not only the sperms from the testes, but also the urine 
from the bladder. 


SUGGESTED PRACTICAL WORK 


1. (a) Your teacher will dissect for demonstration a male and a female 
mammal. Examine the lungs and the blood supply they receive from the 
heart. (In what way does the blood carried by the pulmonary artery differ 
from the blood in all other arteries in the body?) 
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(b) Notice the form and position of the kidneys; follow the renal artery and 
the renal vein as far as possible within the kidney when the teacher has cut 
through one to expose the internal parts. Trace out the path of theuretersfrom 
the kidneys to the bladder. 

(c) Make a careful study of the reproductive organs of the male and female 
mammals, and name the following parts: (i) Male: Testis, vas deferens, 
spermatic cord, seminal vesicle, bladder, prostate gland, penis, urethra. 
(ii) Female: Ovary, Fallopian tube, uterus, vagina, vestibule, bladder, urethra. 

2. Breathe through a glass tube into some clear lime-water in a test-tube. 
Does the clear lime-water remain unaltered or does it change its colour? Offer 
a chemical explanation for the results you observe. 

With a bicycle pump blow air from the atmosphere into clear lime-water. 
What results do you observe ? What do these experiments lead you to conclude 
about the amounts of carbon dioxide in inhaled and exhaled air? 

3. Your teacher will set up the model shown in Fig. 91 to illustrate the 
action of the diaphragm during breathing. In the model the bell-jar is used to 
represent the chest-walls. Across the mouth of the bell-jar is tied a rubber 
sheet which represents the diaphragm. The glass tube represents the windpipe 
and the rubber balloon, the lung. Try to pull down the rubber sheet and watch 
what happens to the balloon; does air enter or leave the balloon? Then push 
up the rubber and notice what happens to the balloon. Try to explain what 
you see in terms of pressure and volume. (Remember that these vary inversely. 
That is, when the volume decreases then the pressure increases, and when the 
volume increases then the pressure decreases.) 

4. It is quite an easy matter to discover the amount of air contained within 
the lungs. Take a large bell-jar or bottle and fill it with water; invert it into a 
bucket or sink filled with water and introduce one end of a piece of rubber 
tubing into the open end of the jar or bottle. Take a deep breath and then 
place the other end of the tube into your mouth. Now exhale as fully as 
possible into the tube. Your exhaled breath will enter the jar and will displace 
some of the water. The volume of water displaced should be marked and 
measured by means of measuring cylinders. The volume of water displaced 
will be virtually the same as your lung capacity, though it must be remembered 
that there is always a certain amount of residual air remaining in the lungs. 

If the lung capacities of a class of pupils are investigated, then it is best to 
calibrate the large jar first. This can easily be done by pouring a known 
volume of water into the inverted jar, and then marking the height of the 
water on the side of the jar by means of some waterproof material such as 
shoe-dye, This procedure is then repeated until the jar is fully calibrated. 


CHAPTER NINETEEN 


The Nervous System in Mammals 


As indicated in Chapter 1, all living things show irritability—that is, 
they can adapt themselves in response to changes in their surroundings. 
In higher animals there is a need to respond quickly to external stimuli 
in order to obtain food, and as the sense-organs are elaborate and the 
number of muscles is great, a complicated nervous system has been 
evolved to control the impulses. The nerves consist of the central 
nervous system (that is, the brain and the spinal cord) and the nerves. 
The nerves carry impulses from the sense-organs to the central nervous 
system and also from the latter to all parts of the body. 


The Brain 

The brain (Fig. 96) is the enlarged and complex anterior end of the 
spinal cord, which lies within the neural arches of the vertebrae of the 
backbone (see Chapter 14). There are various parts of the brain which 
control various impulses of the body. We all know that we use our 
brains for thinking, but there are various forms of this activity. Some 
of them take place spontaneously (reflex, or involuntary, action) and 
others are voluntary—that is, need deliberate effort. We shall discuss 
these two types of action in greater detail later. 

The main parts of the brain are; the medulla oblongata, the small 
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brain (cerebellum), and the big brain (cerebrum). The largest part and 
perhaps the most important part of the brain is the big brain, or 
cerebrum. Its surface is rather folded and there is a deep groove at the 
top which divides it into two halves. The big brain is responsible for the 
control of all deliberate, voluntary actions which we normally associate 
with the mind, such as reasoning and memory. There is a relationship 
between the size and complexity of the cerebrum as regards the size 
of the mammal, and its level of intelligence. Man has the largest and 
most complicated cerebrum in proportion to the size of his body, and is 
the most intelligent of mammals; he depends far less on instinct. 
Unlike man, the lower vertebrates show little difference between the 
size of their cerebrum and cerebellum, and their cerebrum is not 
folded; their behaviour shows less intelligence and is more controlled 
by instinct. 

Below the cerebrum is the little brain, or cerebellum, the surface of 
which also presents a folded appearance. This part of the brain main- 
tains the co-ordination between the various movements in the body. 
For example, if you have to bend your body in response to an instruc- 
tion from the cerebrum, the little brain will automatically send out im- 
pulses to other parts of the body to enable them to move in ways that 
will restore a proper balance of the body. 

At the lower part of the whole brain—that is, below the cerebellum— 
and at the position where the brain makes contact with the spinal cord, 
there is the spinal bulb, which controls a number of involuntary or 
reflex activities of the body. Some of these actions are the heart-beat 
and breathing. 

The surface of the brain is grey and called the grey matter. This is 
made up of nerve-cells. Below the surface the brain is white and consists 
of nerve-fibres. This is called the white matter. The number of nerve- 
cells determines the capacity of the brain for conscious or voluntary 
action; it is considered an advantage that the grey matter which contains 
the nerve-cells is on the outside of the brain, where further growth and 
folding take place more easily. 


The Spinal Cord 

The spinal cord (Fig. 97) runs throughout the length of the body and 
lies enclosed in the vertebrae of the backbone. It is nearly divided into 
two halves by two grooves in the vertical plane and has a central canal 
containing fluid. In cross-section (Fig. 98) it is found that, unlike the 
brain, the grey matter of nerve-cells lies within the white matter of 
nerve-fibres, and is shaped rather like an H. 

A pair of spinal nerves (nerve-fibres) is given off between every two 
vertebrae, and these spinal nerves serve the limbs and other parts of the 
body except the head, where the nerves of the eyes, ears, nose, and face 
tun directly to the brain. Each spinal nerve arises from two roots, a 
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dorsal root made up of sensory fibres and a ventral root consisting of 
motor fibres. The sensory nerve-fibres carry impulses inwards through 
the two dorsal horns of the grey matter while the motor fibres carry the 
impulses outwards via the two ventral horns of the H-shaped grey 
matter. 


The Nerves 

We are now in a position to consider in detail the function of the 
nerves, which is to carry impulses. As mentioned above, we have the 
sensory nerve-fibres which carry impulses from the sense-organs, such 
as the eye, the ear, and the nose, as well as other sensitive nerve-endings 
in the skin, to the brain and spinal cord; the motor nerve-fibres carry 
the impulses outwards from the central nervous system to the muscles. 
As a result of this we have sensations of sight, hearing, smell, move- 
ment, feeling, and the like. But before any such sensation is produced 
the central nervous system sorts out the impulses sent to it from the 
sensory nerves, and can then develop two types of reactions: voluntary 
actions (controlled by will) and reflex actions, or involuntary actions. 


Reflex Action 

Our simplest response to an external stimulus, such as a protective 
response, is a reflex action. For example, if by mistake you pick up a 
hot object, you quickly let go of it without any conscious thought. In 
the fraction of a second when all this took place, the sensitive nerve- 
endings in the touch-organs of the skin were stimulated by the pain and 
they sent a message along the sensory nerve-fibres to the spinal cord; 
this message was returned from the nerve-cells of the spinal cord through 
the motor nerve-fibres to the same voluntary muscles. These muscles 
were thus caused to contract so that you dropped the hot object. The 
whole path through which the stimulus has passed is known as the 
reflex arc or curve. (See Fig. 99.) 

Some reflex actions we exhibit actually started as voluntary actions. 
Through training and practice many such changes take place and a 
habit is developed. For example, when we begin to climb a tree we 
require a special effort for every movement of the body and limbs, but 
once we have learnt the whole procedure, we do not require any 
conscious control and the movements for climbing are carried out auto- 
matically. Thus learning is an attempt to convert a voluntary action 
into a reflex one. 


Voluntary Action 
In a voluntary action the same order is followed as in a reflex action 
in the transmission of the impulses to the central nervous system and 
outwards again to the muscles, but here the nerve-impulse takes a 
much longer path than in a reflex action. Again, as we found in the 
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functions of parts of the brain, the centre of voluntary action is in the 
fore-brain while that of reflex actions is in the spinal cord, or hind- 
brain. 

Often voluntary action appears to over-ride reflex actions. For ex- 
ample, if by mistake you picked up a very hot plate, your first reaction 
under reflex would be to drop it, but when you realize that this would 
break the plate, you make an effort under voluntary action to bear the 
heat until you can put the plate down gently. Here the message from 
| the touch-organs in the skin has finally gone from the spinal cord to 

the fore-brain for action in modifying the reflex action. 


The Sense-organs 
We often speak of the five senses of sight, hearing, taste, smell, and 
touch, but we also have a sense of balance. The most highly specialized 
sense-organs are those of sight and hearing in the form of the eye and 
the ear. The less complex sense-organs are the olfactory organs for 
smell, the tongue for taste and the small organs in the skin and muscles. 
In the case of smell, the nose forms the wall of the two passages which 
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lead to the actual olfactory organs, whose sense-cells are stimulated by 
chemical substances. For this stimulation to be possible the surface of 
the sense-cells must be kept moist by mucus-producing cells. The 
chemical stimulus received by the olfactory sense-cells is passed along 
the fibres of the olfactory nerves to a special region in the brain. 

In the case of the tongue, the detection of taste is carried out by 
taste-buds, which are groups of sensory cells at various positions on the 
surface of the tongue. Taste-buds grouped in front of the tongue detect 
sweetness and saltiness, those at the back detect bitterness, and those at 
the sides, sourness. 

Structure and Function of the Eye. The eye (Fig. 100) consists mainly 
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of the spherical eye-ball which is exposed only in front as the transparent 
cornea, over which the skin, which has also become transparent, is 
stretched. This skin covering is known as the conjunctiva. The eye-ball is 
attached by muscles to the socket in which it lies and these muscles 
control its movements. The eye-ball is hollow and the greater part of it 
is filled with a transparent jelly-like substance called the vitreous 
humour, while the small space between the cornea and the Jens is filled 
with a watery fluid known as the aqueous humour. 
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The wall of the eye-ball itself consists of three layers. On the outside 
is a very tough white tissue called the sclerotic, or the ‘white of the eye’; 
in the middle is a pigmented layer plentifully supplied with capillaries 
called the choroid; inside this layer is the third one, the retina, which is 
pigmented on its inner side. The retina is the sensitive layer and re- 
ceives the light. There is a concentration of light-sensitive cells at one 
spot which is known as the yellow spot. An optic nerve arises from the 
retina at a point known as the blind spot, which is not sensitive to light. 

The three layers of the eye-ball do not continue on the front of the eye 
in the same forms. The sclerotic becomes the transparent cornea al- 
ready mentioned, while in the case of the choroid, the ends hang in 
front as pigmented curtains, known as the iris, which leave a round 
aperture known as the pupil. The part of the retina at the front is taken 
up by the lens; this is held in place by the suspensory ligament which in 
turn is attached to projections of the choroid called ciliary processes. 

Now we come to consider the way in which the eye functions as a 
sense-organ. When light enters the eye and falls on the sense-cells of the 
retina, impulses are sent by these cells along the optic nerve to the brain, 
where they are interpreted as a picture of the outside world. Without 
light to stimulate the sense-cells of the retina, we cannot see. The image 
formed on the retina is inverted, but this is corrected by the brain. The 
structure of the eye is well adapted for obtaining a sharp picture of the 
object that is being looked at. Thus the cornea, the lens, and the other 
transparent parts, such as the two types of humour filling the hollow 
eye-ball, help to transmit light. 

To achieve this successfully it is essential that the rays of light which 
penetrate the eye be restricted. This is done by the pigmented parts 
such as the iris, the choroid layer, and the back of the retina. The sharp- 
ness of the image is achieved with the aid of the cornea, aqueous hum- 
our, the lens, and the vitreous humour. 

The mammalian eye can be compared with the photographic box- 
camera. Both consist of a hollow chamber with an opening in front 
carrying a lens to refract light. The light forms an image on a sensitive 
surface, which is the retina in the case of the eye, and the plate or film 
in the camera. In both cases the inside of the chamber is lined in black 
to prevent blurring and reflection, and the aperture can be altered to 
control the amount of light which enters. The iris of the eye is equivalent 
to the ‘stop’ of a camera in restricting the entry of light. One essential 
difference is in altering the focus for objects at different distances. In the 
camera the lens is moved forwards or backwards to achieve this, while 
in the mammalian eye it is the shape of the lens and hence its focal 
length that is altered. This behaviour of the lens is called accommo- 
dation, and is carried out by the ciliary muscles which hold the lens. 

Short- and Long-sightedness. By short-sightedness we mean the con- 
dition certain people have in which they can only clearly see objects 
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that are near to them; beyond a certain distance they cannot see any 
object. The explanation of this is that the cornea which directs the light 
through the lens is so curved that the increased converging effect brings 
the parallel rays of light from a distant object to a focus before reaching 
the retina (Fig. 101). 

To correct this, short-sighted people should wear spectacles with 
suitable concave lenses which scatter the rays of light a little more 
before entering the eye, so that the image falls on the retina (Fig. 101). 

By long-sightedness we mean the condition in which people can see 
distant objects clearly but not nearby objects. This is explained by the 
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Fig. 101. (a) Light-rays in short-sightedness; (5) correction of short-sightedness 


fact that the cornea is insufficiently curved and, as a result, the rays of 
light from near objects come to a focus behind the retina (Fig. 102). 

To correct this, the long-sighted person has to wear glasses with 
suitable convex lenses which help to converge the rays to some extent 
before entering the eye, so that the image is brought nearer, and is 
formed on the retina (Fig. 102). 

Structure and Functions of the Mammalian Ear. The ear (F. ig. 103) is 
a sense-organ of hearing and position. In the mammal it consists of 
three parts; the external, or outer, ear, the middle ear, and the inner ear. 
Only mammals have the external ear, which is largely the part seen on 
the outside of the head and to which we often refer simply as the ‘ear’. 
This is called the pinna. It may be used in direction-finding, and it 
collects the sound-waves and directs them through a short tube, the 
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meatus, to the ear-drum, or tympanic membrane. This membrane vibrates 
and transmits the sound-waves to the three bones of the middle ear. 

The middle ear is a chamber filled with air and connected with the 
pharynx by means of the Eustachian tube, which is a duct that enables 
pressure to be kept equal on the two sides of the ear-drum. Three con- 
nected bones, or ossicles, are found across the chamber of the middle 
ear. These are each specially shaped, and beginning from the ear-drum 
they are named the hammer, or malleus; the anvil, or incus; and the 
stirrup, or stapes. These bones transmit and amplify the sound waves 
from the ear-drum to a tiny membrane, the fenestra ovalis, or oval 
window, on the other side of which is the inner ear. 
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Fig. 102. (a) Light-rays in long-sightedness; (5) correction of long-sightedness 


The inner ear lies within the bones of the skull and consists of a 
complicated arrangement of tubes surrounded by fluid, the perilymph. 
The sound-waves from the round window are transmitted through the 
perilymph and other fluids to a coiled sac called the cochlea. In this sac 
are different sense-cells which are sensitive to vibrations caused by 
different sounds and initiate the impulses which pass through the 
auditory nerve to the brain. In this way hearing is effected. 

The other part of the inner ear is concerned with balance, and con- 
sists of three specially arranged semi-circular canals. Each of them con- 
tains a fluid, endolymph, into which project minute hairs. Highly 
sensitive nerve-endings are present in the bases of the hairs. As the 
head moves the endolymph drags on the hairs stimulating the nerves. 
This mechanism gives us our sense of balance. 


qeo uewny 34L “EOI “SLT 
HV3 W3NNI uv3 IAWN HV3 u31no 


(unip-403) 
2UDJqui2jA 
»jubduAL, smoanw 
Aaoippny 
10u323X3 
2qni 
UDIu2D35n3 


0214505 


MOPUIM 
Punoy 


MOPUIM 
1040 


(dnaans) \ 
s|DuD> sadois Sn2||DJA 
40n24/2-108$ Bday) (auy) Duujd 
saul J303 |DuJu23x3 


SUGGESTED PRACTICAL WORK 185 
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1. Study a few reflex actions such as the following: 

(a) Cerebral reflex, Look into the eye of a friend and notice the position of 
the pupil. Let him look towards a strong light; you will notice that the pupil 
begins to narrow. Then let him turn away from the light; the pupil opens 
wider. Similar effects can be obtained by looking at a distant object or a near 
object. 

(b) Spinal reflex. The knee-jerk reflex is easily demonstrated. Let your friend 
sit in a chair and place one knee over the other. Use the edge of a book to 
strike the hanging leg just below the knee-cap; it will kick forward spontane- 
ously. 

2. (a) Obtain the eye of a large mammal such as the sheep or cow from a 
butcher. Note the optic nerve, the layer of fat which *cushions' the eye within 
the socket, the muscles attached to the eye-ball, and the transparent cornea. 

Using a pair of sharp scissors, cut the eye so as to obtain a front half and a 
back half. Is it easy or difficult to cut through the outer layer of the eye—the 
sclerotic? Look inside the back half of the eye and try to locate the blind 
spot; is the retina firmly fixed to the rest of the eye, or not? Next examine the 
inside of the front half of the eye, and try to identify the lens, the iris, and the 
ciliary muscles. Carefully dissect out the lens and look for the pupil. 

(b) If your school has models of the eye and the ear, examine them in order 
to understand their structures properly. 

3. Your teacher will set up demonstrations to illustrate the cause of long- 
and short-sightedness and how lenses are used to correct them. 


CHAPTER TWENTY 


Hormones and the Co-ordination of 
Functions in the Body 


So far we have considered the structure and functions of various parts 
of the mammalian body separately, and this may have given the im- 
pression that the various parts work independently of each other. This 
is quite a wrong impression, for the various parts of the body are 
dependent on each other for the harmonious working of the whole. 
Every part of the body functions only when it is stimulated as a result of 
impulses received from the central nervous system. The latter also 
controls the activities of the limbs and organs by sorting out the im- 
pulses in order to prevent conflicting situations. In this process more 
important impulses are allowed to take precedence over less important 
ones. The process by which the central nervous system sorts out the 
impulses, for the harmonious working of the various parts of the body 
as a unit, is referred to as co-ordination. 

In exercising this function in the body, the central nervous system is 
aided by hormones. Hormones are secretions of certain glands in the 
body which, unlike glands such as the liver and gall-bladder, have no 
ducts. They are referred to as ductless, or endocrine, glands. The hor- 
mones are passed directly into the blood-stream and distributed to all 
parts of the body; they are sometimes called chemical messengers. It 
must be emphasized that the working of the ductless glands is itself 
under the control of the central nervous system. 

The hormones have remarkable effects on the body in controlling 
growth, development, and metabolism. The main ductless glands in the 
mammal are (Fig. 104): 


(a) The thyroid, found on each side of the larynx. 
(6) The pancreas, near the alimentary canal. 

(c) The adrenals, found over the kidneys. 

(d) The pituitary, found below the brain. 

(e) The testes and ovaries, the reproductive organs. 


The thyroid secretes thyroxin, which contains iodine and whose main 
effect is to speed up all metabolism in the body. When the secretion is 
reduced—for example when iodine is lacking in the water we drink, 
not only is metabolism slowed down, but the gland itself may become 
swollen. This is because it tries to make enough of the hormone with 
very little iodine. The swollen condition of the gland is called goitre. 
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Fig. 104. The main ductless glands of the body 


Iodine deficiency can also result in excess fat. In children lack of the 
hormone results in suppressed growth both physically and mentally; 
such children look like dwarfs and are called cretins. When too much 
of the hormone is secreted it speeds up metabolism and can produce 
a restless, anxious, and confused mental state. 

The pancreas secretes a hormone that is perhaps the most familiar. 
This is called insulin; it controls the use of sugar and aids the liver and 
muscles in converting sugars into glycogen. When this secretion is 
insufficient the oxidation of sugars or their conversion into glycogen is 
reduced and the disease diabetes results. 

The adrenal glands secrete the hormone called adrenalin into the blood 
when we are angry or frightened. Adrenalin raises the sugar content of 
the blood and causes the heart to beat more quickly. It thus prepares 
the body for action, and has been called the ‘emergency hormone’, Its 
action is in some respects a reversal of that of insulin and can also 
produce shivering. 

The pituitary gland secretes as many as six or more hormones which 
seem to control the secretions of other ductless glands. Their effect is 
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on metabolism, growth, and the onset of maturity. If any of the hor- 
mones is not produced in the right quantities, its effect on growth 
produces either a giant or a dwarf. 

The testes and ovaries, which are the male and female reproductive 
organs, secrete hormones which control the development of characters 
peculiar to the sex. Thus male hormones control the development of 
the beard and the deep voice in men, while female hormones control the 
cycle of egg-liberation and changes associated with pregnancy and 
delivery. 


SUGGESTED PRACTICAL WORK 


Your teacher will dissect a mammal for demonstration. Of the five principal 
ductless glands we have already examined the pancreas, the ovaries, and 
testes, Look for the thyroid and adrenal bodies in this dissection. You will not 
be able to find the pituitary gland because it is situated beneath the brain, 
inside the skull and above the roof of the mouth. 


PART TWO 


CHAPTER TWENTY-ONE 


Microscopic Plants 


As mentioned in Chapter 2, plants as well as animals exist in forms that 
illustrate evolution, and it is therefore instructive to begin the study of 
plants with the acellular and other microscopic forms. 


Chlamydomonas 


Structure (Fig. 105). This is an acellular plant like Amoeba or the 
semi-plant Euglena described in Chapter 3. It belongs to the group of 
plant forms known as the algae which commonly colour the water 
in aquaria green. 

Chlamydomonas is a free-living plant that swims about actively in 
ponds and ditches by means of its two long flagella at the front of the 
cell-body. It is usually spherical or oval in shape and has a cellulose 
cell-wall. Below the flagella are two contractile vacuoles, and next to 
these is an orange-coloured pigment spot called an eyespot. Under the 
microscope it will be found that the protoplasm of the main part of the 
body has a single large chloroplast, roughly cup-shaped, which contains 
chlorophyll. Inside the posterior end of the chloroplast is a bright, 
rounded body known as the pyrenoid, and in the cavity of the chloroplast 
lies the nucleus. 

Nutrition. Since it is a plant, the mode of nutrition in Chlamydomonas 
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Fig. 105 Chlamydomonas 
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is holophytic, that is, by means of photosynthesis. Chlamydomonas 
absorbs the necessary salts, carbon dioxide, and water over its entire 
surface from the surrounding water, and during the making of starch in 
sunlight, oxygen is produced and given off. In the same way, respiration 
involves the whole surface of the cell-body. 

Life-history. Chlamydomonas has a life-history that involves either 
asexual reproduction by means of zoospores within the parent body, or 
sexual reproduction involving a union of the contents of two individuals 
(conjugation) to form a zygospore. The formation of zoospores within 
the parent body, which takes place under less favourable conditions, 
proceeds by division of the contents two or three times, after which the 
cell-wall of the parent body breaks down and the new individuals (zoo- 
spores) are released, The zoospores begin to swim about and live like 
the parent. Sometimes the young zoospores fail to develop flagella while 
still in the body of the parent, but repeated divisions continue and the 
numerous individuals produced are embedded in mucilage. This stage 
of development is known as the palmella stage. 

Sexual reprodution takes place under favourable conditions. The 
contents of the cell-body divide repeatedly to form individuals, as in 
the formation of zoospores. When these escape they unite in pairs 
(conjugation) by their anterior ends (Fig. 106), and are known as gam- 
etes. The new cell which is formed in each case is called a zygote. The 


Fig. 106. Conjugation stages in Chlamydomonas 


zygote remains dormant during a dry period with the aid of a thick 
wall, which it secretes. It is then referred to as the zygospore, and during 
this period new individuals are formed by cell-divisions of its contents. 
When conditions improve, the thick wall breaks down and the new 
individuals are released. 

Chlamydomonas thus gives us an example of the very beginnings of 
sexual reproduction, as we also found in Paramecium in Chapter 3. 


Spirogyra 


Structure. Spirogyra is also an alga but unlike Chlamydomonas it is 
multicellular. It is a green filamentous plant (Fig. 107) commonly found 
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Fig. 107. Spirogyra (a single cell of a filament viewed under the microscope) 


floating or otherwise near the surface in most fresh-water ponds, 
streams, or rivers. The filament consists of a chain of cylindrical cells, 
each enclosed in a thick cellulose wall. The filament is covered by a 
mucilaginous layer which makes it very slimy to the touch. 

Spirogyra is remarkable for the spiral arrangement of its long chloro- 
plasts, which have distributed on them bright bodies known as 
pyrenoids. There is a large central vacuole containing sap, in the middle 
of which the nucleus is suspended by slender threads of cytoplasm. 
Spirogyra has no flagella or eyespots, and therefore cannot move by 
itself as Chlamydomonas does. 

Nutrition. Spirogyra obtains its food by photosynthesis, as do all 
green plants. If it is exposed to light starch grains are formed, especially 
around the pyrenoids, and the starch can be detected by staining the 
filament with iodine. Gaseous exchange takes place over the entire sur- 
face of the filament. 

Life-history. Spirogyra increases in length by repeated divisions of the 
cells and their elongation, the plant growing in this way into a tangled 
mass. As growth proceeds the filament splits into shorter lengths, each 
of which also proceeds to grow. This fragmentation is a form of asexual 
reproduction. 

The more interesting aspect of the life-history of Spirogyra is its mode 
of sexual reproduction (Fig. 108), which begins when the rainy period 
is coming to an end. The process is called conjugation and takes place 
between the cells of two filaments which happen to lie side by side. 
Two opposite cells produce bulges which gradually join to form a 
channel called a conjugation tube. After this the contents of each of the 
two cells are withdrawn from the cell-wall and form into a structure 
called the gamete. The gamete from one cell then passes through the 
conjugation tube into the opposite cell, where the two gametes fuse. It 
is often found that where conjugation takes place between many oppo- 
site cells of two filaments, the contents of the cells of one filament pass 
into the cells of the other filament. Hence the filament which sends out 
its gametes is regarded as a male filament while the other which receives 
the gametes is regarded as a female filament. 

The single cell formed by the union of the two gametes is a zygote, 
and it soon secretes a thick wall around itself and becomes a zygospore. 
Later the old cell-walls of the two filaments rot away and the zygospore 
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Fig. 108. Conjugation stages in Spirogyra 


sinks to the bottom of the water. At this stage the filaments appear 
yellowish. The zygospore is able to rest unharmed during the dry period, 
but when the rains begin again, the thick wall bursts, and a young 
filament grows out. 


Rhizopus: The Common Mould 

Rhizopus is a microscopic plant belonging to another group known as 
the Fungi. These are plants because they have branched bodies and have 
methods of reproduction that are commonly found in plants. But their 
mode of feeding is not like that of green plants for they do not contain 
chlorophyll and thus do not manufacture their own food by photo- 
synthesis. Their method of feeding will be described later. 

Not uncommonly when bread, over-ripe fruits, leather, or cooked 
foods are left for some time in a damp place, they become covered with 
mould, which consists of the bodies of certain fungi. Rhizopus and 
Mucor are white, the blue-green patches may consist of Penicillium, while 
the yellowish-green portions may well be Aspergillus. 

Structure. Rhizopus stolonifer (formerly known as R. nigricans) (Fig. 
109) is a very common species in the tropics. Its body, the mycelium, 
consists of threads called hyphae. A hypha is a branched tube lined 
with cytoplasm in which numerous nuclei are embedded. Some of these 
hyphae are specialized into arched aerial threads called stolons by 
means of which growth in Rhizopus is achieved. At intervals the stolons 
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form tufts of brown branches which penetrate the substratum; from 
these arise vertical clumps of one or more erect hyphae. This is in con- 
trast to growth in Mucor (a temperate species) in which the erect hyphae 
are isolated. The erect hyphae are not branched and bear structures 
(sporangia) for reproduction, as will be described later. 

Nutrition. Rhizopus, like most fungi, feeds saprophytically on ready- 
made substances, by absorbing these substances in solution through the 
general surface of the body or mycelium. The mycelium may secrete 
enzymes which break down the food substances into materials which 
can be absorbed, 

When it grows on the surface of such food as over-ripe fruit and 
absorbs glucose in solution, it is able to perform normal (aerobic) res- 
piration with the aid of oxygen from the air, and to release carbon di- 
oxide, water, and free energy. In the deeper layers of the fruit, the hyphae 
of the rhizoids may respire without air (anaerobic), and in this case they 
release carbon dioxide and alcohol. We then say that the juice in the 
fruit is fermented. 

Asexual Life-cycle (Fig. 110). The commonest method of reproduction 
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Fig. 110. Asexual reproduction in Rhizopus 


in Rhizopus, and in most fungi, is the production of great numbers of 
single cells, called spores, which are small enough to be scattered by the 
wind. The spores are produced at the tips of the erect hyphae in round 
bodies called sporangia, which are cut off from the erect hyphae by 
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cross-walls. The cross-wall bulges into the sporangium forming a 
columella. The sporangia blackenas they ripen. When the air is damp the 
ripe sporangium absorbs water which makes it swell till it bursts and re- 
leases the spores. When one of these spores settles on food it germinates 
to form a new mycelium which begins the life-cycle all over again. 

Sexual Life-cycle. (Fig. 111.) For sexual reproduction two strains of 
the fungus are required which differ in their physiology, although this 
difference cannot be observed by the naked eye. They are distinguished 
as plus and minus strains. When hyphae of two such strains come to- 
gether, they proceed to fuse together at their tips by a process called 
conjugation. The tips first fill with a dense collection of protoplasm to 
form gametes and a transverse wall is then formed to cut this off. The 
part of the hypha left attached to it is called the suspensor. Eventually a 
pore develops between the two tips whose protoplasm (the gametes) 
intermingle or fertilize each other to form a zygote. The zygote forms a 
thick black wall around itself and is then known as a zygospore. In this 
form the fungus can remain dormant for months or even years. Under 
favourable conditions the zygospore germinates into a single erect 
hypha bearing at its tip a sporangium which later bursts to liberate 
spores. These grow into new mycelia, just like those formed by asexual 
reproduction. 


Penicillium and Aspergillus 

As mentioned above, the mould which grows on food may also 
contain the blue-green Penicillium and the yellow or greenish Asper- 
gillus (Fig. 112). These two fungi are very closely related, but they differ 
from Rhizopus in having cross-walls in the hyphae of the mycelia. The 
story of how penicillin, obtained from Penicillium notatum, was dis- 
covered is well known. As this fungus feeds and grows, there diffuses 
out of its hyphae into the material on which it grows a substance that is 
poisonous to many bacteria and other organisms but harmless to the 
mould itself. Such a substance is called an antibiotic and in this case it 
is known to us as penicillin. When we are ill and penicillin is injected 
into our bodies, the concentration used is high enough to kill the bac- 
teria which are causing the illness, but sufficiently low to be harmless to 
the cells of our body. Many other antibiotics, such as streptomycin, are 
isolated from other fungi, and are of great value in medicine. 

As Fig. 112 shows, the structures of Aspergillus and Penicillium are 
different from that of Rhizopus. The sexual life-cycle of Aspergillus has 
only recently been fully studied, and most species of Penicillium do not 
reproduce sexually. 
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Phialides 


Penicillium Aspergillus 
Fig. 112. Penicillium and Aspergillus 
SUGGESTED PRACTICAL WORK 

1. Try to obtain Chlamydomonas and floating Spirogyra from fresh-water 
ponds and ditches. Your teacher will place a drop of the material on a slide 
and allow you to examine it under the microscope, See if you can find the 
flagella of Chlamydomonas, and note how actively the plant moves. Examine 
the internal structure, 

The teacher will also mount some of the Spirogyra, including the reproduc- 
tive (conjugation) stages. Make clear drawings of the vegetative and repro- 
ductive stages. 

2. Moisten slices of bread, orange-pecl, or old leather in Petri dishes, cover 
them with a bell-jar and leave for a few days. As the material becomes mouldy, 
use a hand-lens to examine the composition of the ‘moulds’, which may con- 
sist of Rhizopus, Penicillium, and Aspergillus, Mount some in cotton-blue 
stain and examine under the microscope. Note the mycelium, the sporangio- 
phores, the columella, and the arrangement of the spores. 

3. Prepared slides of the reproductive stages of Mucor can be examined if 
the material of Rhizopus does not contain suitable stages, 

4. Cut a complete coconut fruit in half and allow the ‘milk’ to drain off, 
Expose the cut halves to the atmosphere for about thirty minutes and then 
cover each part with a bell-jar. Examine the white food reserve of the coconut 
seed every day and note the colour and extent of any ‘moulds’; investigate 
the structure of any fungal growths by means of a microscope. Identify the 
fungi present, if possible, and try to discover the nature of the food store 
contained in the white part (endosperm) of the coconut seed (see sections 
dealing with food tests in Chapter Fifteen). 

5, Arrange to visit a cocoa farm, if possible during September or October; 
make a thorough search amongst the developing crop for signs of "black pod’ 
disease, This is a fungus disease (Phytophthora sp.) which affects the cocoa 
pods, producing characteristic black or brown patches on the fruits, 


CHAPTER TWENTY-TWO 


Flowering Plants 


In Chapter 2 we discussed evolution in plants and animals and pointed 
out that beginning from the single-celled plants such as Chlamydomonas, 
we encounter other plants that gradually become more and more com- 
plex until finally we come to the flowering plants. The flowering plants 
are the most conspicuous plants we see around us, and can be classified 
into herbs, shrubs, and trees. 

Herbs (or herbaceous plants) are plants with soft tissues, and are 
often small. They are of three types. 

(a) Those that live for a year, called annuals—for example, rice, 
maize, yam, canavalia, and garden egg. Some, however, have a very 
brief life-history of only a few weeks and can thus complete several life- 
cycles in a year; these are called ephemerals—for example, the shining 
bush (Peperomia) (Fig. 113). 

(b) Biennials are herbaceous plants that live for two years. These are 
typical of the temperate regions. In the tropics one of the few examples 
is the flowering onion (Fig. 113) which spends the first year in forming 
the bulb, and the following year produces flowers, then seeds, and 
afterwards dies. 

(c) Perennials are herbaceous plants that live for many years—for 
example, the ginger (Fig. 113), the Canna lily, Crotalaria, and other 
plants which often have storage-organs (see Chapter 23). 

Shrubs. These are woody plants with several stems close to the 
ground. Shrubs and trees have hard, woody tissues. Examples are the 
decorative plants like the hibiscus, 

Trees. These are plants with a single woody trunk of a large size 
which usually branches high up or sometimes remains unbranched. 
Examples are the mango, Delonix (or the flamboyant), the coconut, and 
the oil-palm. 

Here it should be added that while annuals and biennials are all 
herbaceous, perennials may be either herbs, shrubs, or trees. Plants are 


also adapted in many ways to suit the conditions under which they live 
(see Chapter 32). 


External Morphology of a Herbaceous Plant—The Common 
Vernonia 


It is useful to learn the parts of a flowering plant by studying a small 
tropical herbaceous annual like the common vernonia (scientific name 
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Fig. 113. Examples of herbs: Peperomia (annual - ephemeral); flowering onion 
(biennial); ginger (perennial) 


Vernonia cinerea), also known as the blue fleabane in some tropical 
countries (Fig. 114). If we dig up this common weed and gently wash off 
the soil from the roots, we can study its parts. All the roots form the 
root system, While the rest of the plant forms the shoot system. The 
root system is made up of the large main root (called the primary, or 
tap, root) which grows almost straight downwards, and the smaller 
branch roots, which grow outwards and downwards. Above the root 
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Fig. 114. Vernonia cinerea 


system we come to the shoot system with, first, the main stem. This 
grows upright and has on it nodes at which leaves are borne, The 
bare stem between two nodes is called an internode. At the base of the 
stem are a number of marks, called /eaf-scars, which indicate positions 
where leaves have fallen off. 

In Vernonia a single leaf is borne on a leaf stalk at the node. The base 
of the leaf (or leaf stalk) makes an acute angle with the stem and this 
angle is called the axil of a leaf. In the axil of each leaf is a bud, called 
the axillary bud. The main stem also bears side branches (or axillary 
branches) which are developed from axillary buds, and floral branches, 
which bear the purple to reddish-purple flowers, clustered together into 
heads called inflorescences. At the very top of the main stem—and at 
the tips of the branches—are terminal buds which may also develop into 
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floral branches. When the flowers on Vernonia are old they become dry 
and fruits are formed as tiny structures bearing hairs. Each fruit con- 
tains a seed. 

The stem, leaves, and root make up the vegetative part of the plant, 
while the flowers and fruit make up the reproductive part. We shall now 
consider the functions of the parts of the plant. 


The functions of the root are: 

(1) To absorb water and dissolved chemical substances from the 
soil, and to conduct these to the shoot. 

(2) To hold the plant firmly in the soil. 

(3) To conduct food made in the shoot downwards to the roots. 

(4) To store reserve supplies of food in some plants, as in the cas- 
sava, manioc, or carrot. 

(5) To serve as breathing roots in some plants, as in the mangrove. 


The functions of the stem are: 

(1) To support the branches and the leaves, and hold each of the 
latter in such a position as to receive as much sunlight as possible. 

(2) To support the flowers in the best position for pollination and 
the fruits in the best position for dispersal of the seeds, 

(3) To conduct water and salts from the roots to the leaves and 
manufactured food material from the leaves to the other parts of the 
plants. 

(4) To store reserve water or food in some plants, like the ginger 
rhizome or the potato tuber. 


The functions of the /eaf are: 

(1) To manufacture the plant's food from the carbon dioxide of the 
air and the water from the soil in the presence of chlorophyll and 
sunlight (photosynthesis). 

(2) To store reserve food substances in some plants, like the 
onion and Bryophyllum. 


The function of the flower is to produce fruits and seeds. 


The functions of the fruit are: 
(1) To protect the seeds. 
(2) To assist in the scattering of the seeds when ripe. 


These functions will be considered in detail later. 


Parts of the Twig of a Woody Perennial Tree 
Growth in a woody perennial tree (or shrub) appears to continue 
throughout its life, but the growth is rapid at a certain period or periods 
of the year, and virtually ceases at other times. , 
We can recognize the periods of growth by examining a twig. For 
example, the twig of a Ficus species (Fig. 115) will show at intervals 
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Natural Histories of some Tropical Trees 

_ The life-cycle of a flowering plant begins as the seed, on germination, 
gives rise to the seedling plant. The seedling gradually grows into a big 
plant with branches and leaves. Later, flowers appear and when the 
ovules are fertilized, fruits begin to develop and enlarge. When the 
fruits are ripe, they are scattered and, under suitable conditions, the seeds 
in the fruits germinate into seedlings. So the life-cycle begins again. 

This simple account is not as straightforward as it seems when we 
come to consider actual cases. For example trees (and shrubs) vary in 
their morphology, leaf-fall, flowering and fruiting cycles, and in the 
relationships of these to environmental factors. In order to study a few 
trees some of the characters to be observed are listed below. 

Leaf-fall. We find a number of differences in the leaf-fall of different 
plants. Some shed practically all their leaves and remain bare for some 
time before forming new leaves; examples are Ceiba (silk-cotton) and 
Parkia. Others shed their leaves only for a short period when new leaf. 
buds are ready to take their place; an example is the Indian almond 
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(Terminalia). Finally we have the majority of plants shedding their 
leaves gradually while they are being replaced by new ones. An example 
is the nim. The formation of the absciss layer during leaf-fall is discussed 
in Chapter 25. 

Flowering and Fruiting Cycles. With regard to flowering, we have 
(a) plants that flower continuously throughout the year, such as palms; 
(b) plants which flower several times in a year in response to showers, 
as in Morinda or tamarind; (c) plants which flower at regular periods 
thrice or more a year, such as Samanea saman or Terminalia; (d) plants 
which flower twice a year such as the mango; (e) plants which flower 
once a year, such as Parkia (called dawadawa in West Africa) or 
Milletia. 

Another interesting feature in flowering is the duration and intensity 
of flowering at each flowering period in plants which flower more than 
once a year. For example, in Terminalia, the main flowering and fruiting 
period is from April to September (six months) while the other two 
flowering periods, which are Octoberto January and February to March, 
are far less important. The mango also has its heavy flowering season 
from September to February, and a smaller one from January to May. 

Other trees, such as Spathodea campanulata (tropical tulip tree), 
flower throughout the year, but have a single heavy flowering period, so 
that often people think they flower only once a year. In Spathodea, the 
heavy flowering period is September to October. 

Plants which do not have a period for shedding most of their leaves 
tend to flower and fruit together for longer periods than those that shed 
all their leaves at the same time. 

There is also some relationship between flowering and the shedding of 
leaves. Among the plants which shed nearly all their leaves at a particular 
time some develop fresh leaves before the flowers give way to fruits (as 
in Parkia and Antiaris), while others develop fresh leaves only after the 
seed dispersal has taken place (as in Ceiba). In some others, the new 
leaves are produced along with the flowers (as in Terminalia and Mil- 
letia). 

Environment. Even within one country the same species of plant may 
be influenced by the ecological environment, This can affect the fruiting 
period, as in Ceiba, Parkia, and Adansonia, which in West Africa are 
found to have later flowering and fruiting periods the farther inland the 
plant is. It can also affect the intensity of the colour of the flower. This 
seems to be the case in plants such as the flamboyant and Cassia siamea 
where the colours appear deep red or deep yellow respectively when 
inland. The general habit can also be aflected by the environment. For 
example the frangipani plant in West Africa appears to have more 
branches and leaves, and is thus more bushy when inland compared 
with those specimens found near the coastal areas. 

With these few points in mind, we shall try to give short accounts of 
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some common tropical trees like the mango (Mangifera sp.), flamboyant 
(Delonix or Poinciana regia), the coconut (Cocos nucifera), silk-cotton 
(Ceiba or Eriodendron), and tropical tulip tree (Spathodea). 


The Mango (Mangifera) 

General Morphology. The mango is a tree of medium size with a round 
crown. It thrives best in deep loamy soils and valleys, especially in the 
coastal regions, though in forest areas the fruits do not mature properly. 
The stem may give rise to branches near the ground, but there is often a 
distinct main trunk which is light brown in colour. The mango branches 
irregularly and the clusters of flowers are borne at the ends of the 
branches during flowering. The flowers are greenish-white at first but later 
become pink. The fruit is a drupe (see Chapter 27) of characteristic 
shape, and ripens from green to yellow. It contains an edible pulp, from 
which a yellowish juice can be expressed, surrounding a single large 
"stone'—the endocarp; inside the ‘stone’ lies the seed. 

Leaves and Leaf-fall. The young leaves of the mango are brownish in 
colour but soon become light green and later gradually deepen in colour, 
becoming dull green when mature. The leaves are oblong and spear- 
shaped and are arranged alternately. They are often clustered near the 
tips of the twigs. 

The mango does not shed all its leaves at one period, leaving the tree 
bare, but while in some countries, as in eastern Nigeria, different 
branches shed the leaves at different times, in many places the old leaves 
drop in large numbers when new ones have already been formed. 

Flowering and Fruiting Cycles. In West Africa, as in other tropical 
countries, the mango has two flowering and fruiting periods in a year. 
The first one is from August to December, and the second follows soon 
after the first, from January to May. During the latter season the fruits 
are often destroyed by butterflies which bore holes into the pulp to suck 
the juice. Between May and August the plant is normally without flowers 
or fruits. The flowering and fruiting periods seem to be a little early in 
mango trees that are some distance from the coast. 

Propagation. The mango is dispersed by animals, including man, who 
eat the pulp and drop the seeds about. The seeds lose their vitality 
ne so that it is best to plant them soon after their removal from 
the fruit. 


The Flamboyant (Delonix or Poinciana regia) 

General Morphology. The flamboyant, or flame tree, grows to a height 
of 30 feet to 40 feet. It has a wide crown formed by the spreading 
branches, The main trunk is short and has a smooth, grey bark. The 
branches are irregular and similar in colour to those of the main trunk. 
Flamboyant is now grown in nearly every town and village in the tropics 


t 


THE COCONUT 207 


as an ornamental tree, owing to its bright scarlet flowers. The fruits are 
long pods, The tree thrives best in dry areas, especially near the shore. 

Leaves and Leaf-fall. The leaves are doubly compound with rather 
small, leathery leaflets. Nearly all the leaves are shed once a year from 
about October to February, when the young leaves slowly begin to 
appear. 

Flowering and Fruiting Cycles. Flowering begins with the fresh leaves 
in February but it appears to be at its peak in May when the flowers 
dominate the few green leaves because of their bright scarlet and yellow 
colouring. A few young fruits are formed at this time, while by June and 
July more leaves are produced. The flowers attract insects which polli- 
nate them as they come to suck nectar. By October the flowering period 
is over, and only the long pods, about two feet in length, hang on the 
trees. The pods are woody and contain about 30 to 40 seeds. Later these 
green pods change colour to brown and the dry fruits hang on the tree 
for about three months before they begin to drop to the ground. They 
are not, however, all shed nine months after flowering. 

Propagation. The seeds of the flamboyant are dispersed as the pods 
dry out and split, scattering the seeds. The seedlings as well as fully 
grown plants are easily transplanted. 


The Coconut (Cocos nucifera) 

General Morphology. The coconut is a common tropical tree found 
chiefly along the sea-coast (Fig. 116). It thrives in sandy and salty 
places. There is only one trunk or stem, which may become rather bent 
as it grows. The leaves, which are often wrongly spoken of as ‘branches’, 
are produced in a cluster. As the leaves fall off they leave rows of rather 
prominent leaf-scars on the trunk. The flowers are produced in large 
numbers on long yellow stalks. At the upper end of the inflorescence 
are the male flowers. These are far more numerous than the female 
flowers, which are found at the lower end of the flower stalk. 

The coconut is perhaps the most useful of all plants since virtually 
every part of it has some important use in the community. The fruit is 
a drupe (see Chapter 27) with fibrous tissue covering a hard kernel 
inside which is the ‘milk’ that is a refreshing drink, the husk is used as a 
fibre in making. brushes and mats, and the kernel or shell is used in 
making cups, spoons, and other household articles. 

Leaves and Leaf-fall. The large pinnate leaves have petioles 3 feet to 
4 feet long. They fall from the tree throughout the year as new leaves 
are formed. The leaflets are 2 feet to 3 feet long, shiny, stalkless and 
linear in shape. They are used for making baskets and for thatching. 

A fibrous net-work at the base of the leaves is sometimes used for 
making cloth. 

Flowering and Fruiting Cycles. The coconut flowers and fruits through- 
out the year. As the fruit ripens the ‘milk’ is absorbed and the fruit later 
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Fig. 116. Coconut-palms along a sea-coast 


falls to the ground. The ripe, dried fruit is known as ‘copra’ and is very 
rich in oil. 

Propagation. The coconut germinates readily when planted about two 
feet below the surface. 


The Silk-cotton Tree 

General Morphology. The silk-cotton (Ceiba pentandra or Eriodendron 
anfractuosum) is a large tree with the branches arranged in horizontal 
whorls of three. The bark is white and, when young, the bark of the 
trunk and branches is covered with thorns. The leaves are palmate. The 
trees are found in the forest as well as in the plains and can grow to 
become some of the largest trees in the evergreen forest. The wood is 
soft and white, and is used in making canoes, The oblong flowers are 
creamy-white and the fruits are large and covered with short hairs. They 
contain many seeds. Attached to each seed is a long cotton floss which 
arises from the wall of the ovary and the central axis. 

Leaves and Leaf-fall. The silk-cotton tree sheds all its leaves and stays 
bare from August to about November, when new leaves begin to appear 
along with the flower buds. When the fruits are ripe in December the 
leaves are shed again, so that there are no leaves when the fruits are 
being shed. By February, after most of the fruits have been shed, new 
leaves again begin to form and these remain on the plant till they are 
shed in August or September. 
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Flowering and Fruiting Cycles. The silk-cotton tree flowers and 
fruits once a year from October, when the flower buds begin to appear. 
The flowers are pollinated by bats at night and by December the fruits 
are mature, At this time the tree begins to shed its leaves so that during 
the dispersal of the seeds it is leafless. Thus when the fruits burst and 
the seeds hang exposed in large white, woolly masses, the tree looks very 
graceful, It is a useful adaptation that the leaves are shed by this time 
because the cotton can then easily be carried away by the wind without 
becoming entangled in the leaves. 

The white cotton is called ‘kapok’ and is used in stuffing pillows and 
mattresses. The seed itself is edible and contains oil. 


Tropical Tulip Tree 

General Morphology. The tropical tulip tree (Spathodea campanulata) 
is a medium-sized tree with a straight, pale grey trunk and a bushy, 
tapering crown. The branches are directed upwards and the wood is 
soft. The dark-green leaves are compound and the tree is notable for its 
large red flowers which have the appearance of flames against the green 
background. The long, narrow fruits contain seeds each of which 
has a transparent wing which helps in its dispersal. 

Spathodea is found in many tropical countries and thrives in deciduous 
and secondary forests as well as in the savanna, It is planted as an orna- 
mental tree and for shade. 

Leaves and Leaf-fall. The leaves are shed only gradually throughout 
the year to give place to new ones. 

Flowering and Fruiting Cycles. The tulip tree flowers heavily in Sep- 
tember and October. Because of its bright red colour West African 
farmers associate the flowering time with the coming of Christmas and 
the time for sowing their maize. The flowering and fruiting, however, 
continues until January when the peak period is over for some trees, 
although on others a few flowers continue to appear until the next 
heavy flush of flowering comes on at the end of September. Flowering 
and fruiting therefore continues till the brown, hairy flower buds begin 
to form in August for the heavy flowering period. 

Propagation. Spathodea is propagated by cuttings. ‘ 

These descriptions of a few trees are meant to guide the student in 
making his own observations on them and on other trees in his area, 
The descriptions should therefore not be taken as applying to any 
particular locality. 


SUGGESTED PRACTICAL WORK 
1. Examine the parts of twigs of other deciduous perennial plants, such as 
Terminalia, Ceiba, or guava, just before the new leaves appear after becoming 
bare during the dry period. Make labelled drawings. 
2. Select one of the following trees and make regular observations of any 
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changes you observe in its morphology throughout the year, especially with 
regard to leaf-fall, flowering, and fruiting periods. 

Lagerstroemia flos-reginae (queen of flowers), Samanea saman (rain-trec), 
Artocarpus integrifolia (jack fruit) and Cassia siamea, 

3. Collect a specimen of an annual plant such as Vernonia from waste- 
ground and make a well-labelled drawing of it. 

4. (a) Visit a botanical garden and examine various kinds of trees, Learn the 
names of the trees you examine. 

(b) Make a plan of the school compound and represent each tree and shrub 
by means of appropriate symbols. Identify as many trees and shrubs as 
possible, and then label them by painting their names on small boards placed 
near the plants. 

(c) Take bark rubbings from as many different kinds of tree as possible. 
To take a bark rubbing, place a sheet of clean paper on the trunk of a tree 
and rub the paper with the side of the lead of a 'soft' pencil (as though you 
were "shading"). After covering the surface of the paper in this way, it should 
possible to see the pattern of the underlying bark on the sheet of paper. 


= 


CHAPTER TWENTY-THREE 


The Stem and Vegetative Reproduction 
in Flowering Plants 


Tue stem of a flowering plant bears the leaves. Together, stem and 
leaves make up the shoot, The leaves may be rather reduced, but there 
are always signs of them at the nodes. The stem also has a bud in the 
axil of the leaf, in addition to the terminal bud. It is always possible to 
distinguish a stem from a root because the stem will always show traces 
of leaves and buds, The stem may also bear flowers and fruits, but since 
these are not always present they are not reliable characteristics by 
which to identify the stem, In the internal structure, we have other 
distinct differences between the stem and the root, as will be shown 
later. 


We have already considered the functions of the stem in Chapter 22. 
Internal Structure of the Stem 


tissue of growing or actively dividing cells. The xylem is the tissue con- 
cerned with one of the most important functions of the stem, that of 
carrying water and salts from the root to the leaves; it contains wood 
vessels for this purpose. 

Between the vascular bundles are the cells forming the medullary 
rays which contain air spaces to permit the exchange of gases with the 


212 STEM AND VEGETATIVE REPRODUCTION 


scattered vascular 
bundles 


extra strengthening 
tissue of fibres 


o 


0c 


[2] 


Fig. 117. Transverse sections showing anatomy of stems: (a) the sunflower (dicoty- 
ledon); (6) the maize (monocotyledon) 


SECONDARY GROWTH OR THICKENING IN STEMS 213 


atmosphere during respiration. The arrangement of the vascular bundles 
inan outer ring in the stem is of advantage to the plant, since it provides 
mechanical support for the upright stem. The large central part of the 
stem consists of large cells forming the pith, but in some cases a hollow 
space is present. 

It should be mentioned here that in monocotyledons, such as maize 
(Fig. 1175), the vascular bundles are not arranged in a ring, but are 
scattered throughout the stem; here these bundles have no cambium 
and the stems seldom increase in thickness, There is also no central pith 
and the cortex is very narrow. 


Secondary Growth or Thickening in Stems 
In dicotyledons, unlike the monocotyledons, a layer of actively 
dividing cells (the cambium) is found between the xylem and the phloem, 
and growth in thickness of the stem takes place by a process known as 
secondary thickening (Fig. 118). In this process new xylem or wood is 
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Fig. 118. (a) Transverse sections of a stem showing primary tissue and secondary 
thickening; (b) transverse section through a lenticel 
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formed by the cambium on its inner side, and new phloem or bast on its 
outer side. The process may go on until the stem grows to an enormous 
size, as in trees. Later a new layer of cambium appears under the epi- 
dermis, and proceeds to form new cortex on the inside and cork on the 
outside. Cork is a tissue which consists of dead and thickened cells, 
which are impermeable to water so that all the tissues outside the cork 
die and form the bark. This cuts off the connection of the stomata with 
the inner tissues, and the function of the stomata is taken over by venti- 
lation spaces, consisting of rounded cork cells in the bark, called the 
lenticels (Fig. 118). 

Sapwood and Heartwood. As many rings of xylem or wood are pro- 
duced from year to year in big trees, it is only the outer and younger 
layers of the wood which continue to conduct water and salts to the 
leaves. This outer conducting wood is called the sapwood, while the 
darker and older supporting part is the heartwood. The heartwood of a 
tropical tree like the ebony accounts for its commercial value. 

Annual Rings. Perennial woody plants in parts of the world with well- 
marked seasonal growth show that the xylem cells formed each season 
are of distinctly different sizes depending on the season. This is of course 
more noticeable in temperate climates where the xylem cells produced 
in the spring have bigger cavities than those produced in the late sum- 
mer and autumn; areas of the later cells appear darker. Thus a section 
across a tree which is several years old shows these as alternate dart: and 
light circles. Each pair of bands corresponds to a year's growth, 2 .d is 
called an annual ring. These rings, of course, help us to determine the age 
of the plant. In the tropics, where the seasons are not well marked, 
rainfall determines these periods of growth, but such changes in growth 
may occur more than once a year. Thus in the tropics, especially in 
evergreen trees, annual rings are less reliable in determining the age of 
plants. They are more easily seen in the deciduous trees. 


Stems Modified to Suit Their Functions 

We have seen above how the internal structure of the stem is adapted 
to conducting raw materials and food produced by photosynthesis to 
the parts where they are needed. We now come to consider two other 
functions and to see how various stems are modified to these ends. The 
first of these is that of holding the leaves in positions where adequate 
sunlight can be obtained for photosynthesis, and the second is that of 
storing water and food substances. The modifications of stems for these 
functions also make them suitable for vegetative reproduction. 

Modifications to Hold Leaves in Sunlight. A number of aerial stems are 
strong enough to stand erect and have no great problem in holding the 
leaves to sunlight, although when overcrowded they tend to grow rather 
taller in order to reach it. Some other stems, however, are too weak to 
stand upright by themselves and so they either climb up erect stems or 
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supports by means of various modifications of their own stems or 
branches (climbing plants), or they trail on the ground (creeping plants). 

Among the climbing plants we have (a) the twiners, which_are 
baceous climbers, such as the 
beans (Fig. 119) or species of 
Ipomoea (such as morning glory 
or the sweet potato) or species of 
yams (Dioscorea); (b) lianes, or 
woody climbers, common in trop- 
ical forests, such as Londolphia 
and some species of Ficus; (c) stem 
tendrils, which are usually axillary 
branches modified into thread-like 
and leafless structures to aid in 
clasping the support during climb- 
ing. Examples of these are Passi- 
flora (such as the passion flower), 
Guania, Coralita, and Antigonon 
(Fig. 120); (d) thorns (or hooks), 
which are also modified branches, 
as in Bougainvillea and Duranta Fig. 119. A twiner: a bean plant 
(Fig. 121). 

When we come to the creeping stems we have (a) the trailing stems, 
which creep on the ground without being rooted at the nodes. Examples 
of these are found in Portulaca, Tridax (Fig. 122), and Boerhaayia; 
(b) runners, which root at the nodes and send out new upright branches 
which may later break off and grow into separate plants. Examples of 
tropical runners are Oxalis, Marsilea, and Commelina (Fig. 122); (c) 
offsets, which are runners with rather short, stout stems, as in the water- 
lettuce, or Pistia (Fig. 122). 

Stems Modified as Storage-organs. Examples of stems modified to act 
as storage-organs are found principally among herbaceous perennials, 
and particularly in the underground types of stem described below. 

Storage of water in the stem is carried out in different types of cactus 
such as Opuntia, or the cactus-like poinsettias (Euphorbia) (Fig. 123). 
Here the leaves are much reduced or are modified into spines. Such 
plants live in dry situations and the stems, which have taken over the 
function of the leaves—i.e., photosynthesis—also have to prevent the 
loss of too much water by transpiration in dry weather. Thus the stems 
are thick and store water in their tissues (Fig. 123). 

The storage of food substances in stems enables many herbaceous 
plants to survive from year to year. These are usually underground stems 
modified in various ways into structures known as the rhizome, the stem 
tuber, the corm, the bulb, and the sucker. A number of these look like 
roots but they bear scale-leaves and axillary buds, and are therefore 
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Fig. 120. Stems modified as 
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Fig. 121. Thorns of (a) Bougainvillea and (b) Duranta 
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Fig. 122. Types of creeping stems: fe) aliu (Tridax); (b) runner (Oxalis); (c 
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clearly stems. Like the creepers, they are also adapted for vegetative 
reproduction. 
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Fig. 123. Structure of Euphorbia 


A rhizome (Fig. 124) is a thickened stem, creeping horizontally under- 
ground, and usually containing stored starch. It bears scale-leaves with 
axillary buds at the nodes. The terminal bud grows out into an aerial 
shoot and may produce flowers. Normally the rhizome reproduces 
vegetatively. In that case axillary buds grow into branches and may 
separate off and grow into independent plants when the old parts of the 
rhizome die. After the flowering season, the aerial shoots die down 
every year leaving large scars. In the following year growth is started 
again by one or more lateral buds. Examples are the ginger and Canna, 

A tuber (Fig. 125) is the swollen end of a branch of a special under: 
ground stem. It also stores starchy food materials. Tubers should not 
be confused with tuberous roots (Chapter 24). As a stem structure 
the tuber is found to bear buds in scale-leaves which appear as ‘eyes’ on 
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Fig. 124. A rhizome: Canna 


the tuber. The tiny buds are capable of growing into new plants, so that 
slices of tubers (which must bear buds) may be used for propagation. 
Tubers do not grow continuously as do rhizomes, but normally last for 
a short time, and new tubers are produced as the main plant grows. 
The potato (Irish potato), the yam (Dioscorea), tiger nuts, and the 
Jerusalem artichoke are examples of stem tubers. 

A corm (Fig. 126) is a swollen, solid, fleshy underground main stem 
which grows vertically, and looks like a condensed form of rhizome. It 
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Fig. 125. Tubers: Irish potato and yam 
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contains a heavy deposit of starch, and is more or less rounded in shape, 
but may be flattened from top to bottom, as in species of gladiolus and 
the crocus corm. The nodes bearing remains of leaf-bases form a series 
of de on the corm. The corm has both adventitious and contractile 
roots. 
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Fig. 126. A corm: gladiolus 


The growth-cycle of the corm is interesting. At the beginning of the 
growing season, new adventitious roots are produced and the terminal 
bud develops into the aerial shoot which bears leaves and flowers. The 
aerial shoot accumulates starch at its base, so that by the end of the 
flowering period a new corm has been produced on top of the old corm, 
which has shrivelled up. Lateral buds are also able to develop into 
daughter corms in this way during the growing season and become 
separated when the old corm dies. By the next growing season the ter- 
minal bud of the new corm develops into a flowering shoot which also 
forms a corm at its base. The process is repeaed for some years and, 
to prevent the new corms from appearing above the ground, the thick 
contractile roots keep pulling the corms down into the soil. 

Well-known examples of corms are species of gladiolus, Caladium, 
and saffron (crocus corm). The cocoyam (Xanthosoma) produces small 
corms around the outside of the old one. 

A bulb (Fig. 127) is a much shortened or reduced underground stem. 
It consists of a short plate of stem, the disc, bearing large, fleshy, over- 
lapping leaf-scales on its upper surface and adventitious roots below it. 
The terminal bud of the bulb gives rise to the aerial shoot, while axillary 
buds may be produced on the stem in the axils of the fleshy scales. 
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Just after the dry season one of the axillary buds grows and becomes the 
bulb of the following year. Some of the daughter bulbs may be detached 
and grow into separate bulbs. 

Examples of tropical bulbs include the onion (Allium), the Crinum 
lilies, Urginea, and Zephyranthes. 


Fig. 127. A bulb: Crinum 


A sucker (Fig. 128) is a short, horizontal branch of a stem, just below 
the soil, with a terminal bud which grows upwards and develops roots 
and aerial shoots. Suckers have a root-like appearance but they bear 
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Fig. 128. A sucker of banana shoot 
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scale-like leaves and are usually thick with food reserves. Examples are 
plantain, banana, and pineapple suckers. 


Vegetative Reproduction in Flowering Plants 

When a portion of a plant is detached and grows into an independent 
individual, we say that vegetative reproduction has occurred. This 
method is distinguished from sexual reproduction by seed (Chapter 26). 
We saw that vegetative reproduction occurs with all the underground 
storage organs described above; it also occurs with runners. Man 
has used his knowledge of buds and their behaviour to invent 
methods of vegetative reproduction. Finally, certain storage leaves 
are also able to propagate the plant vegetatively. Some of the modes 
of vegetative reproduction will now be discussed. 

1. Separation of Portions of Food-storage Organs of Herbaceous 
Perennials. These organs are the rhizomes, tubers, corms, bulbs, and 
suckers described above. In each case, as the older parts die away, new 
plants are formed from the parts which are left. Their success in this is 
due to the fact that suitable pieces of these structures are able to develop 
into separate plants. It is worth emphasizing these methods of artificial 
vegetative propagation. 

(a) The rhizome, such as the ginger, can be divided into lengths, and 
propagated. 

(b) Tubers like the potato can be cut into pieces such that each piece 
has one or more ‘eyes’, and sown; each piece will grow into an indi- 
vidual tuber. 

(c) Corms can be propagated by separating the young corms, as in 
cocoyam, and growing them separately. 

(d) Bulbs are also propagated by separating the young bulbs which 
arise in the axils of the scale-leaves as in Crinum, or the adventitious 
buds (see below) on the scale-leaves as in some tropical varieties of 
Urginea (Fig. 129). 

(e) Suckers, as in the plantain and the banana, can be separated 
and grown individually and each is able to develop into a separate 
plant. 


2. Creeping Stems. In creeping stems, as in Ipomoea, which root at 
the nodes, the internodes often die and new plants arise at the nodes. 

3. Adventitious Buds on Leaves. Mention has already been made under 
1(d) of a case of adventitious buds on the scale-leaves of some Urgineas. 
In Bryophyllum (Fig. 129), Kalanchoé, and similar plants, a series of 
buds is produced on the leaves, each at the end of a vein. Each of these 
buds may become detached and grow into a new plant. 

4. Bulbils. (Fig. 130.) These are vegetative or floral buds in leaf-axils 
and are modified for the vegetative reproduction of the plant, particu- 
larly where seed formation is uncertain. They drop from the mother 
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plant to the ground and grow into new independent plants. They are 
commonly found in some types of wild yam (Dioscorea), where globose 
bulbils of various sizes occur as fleshy axillary bodies. In the pineapple, 
the inflorescence which forms the large fruit generally endsin one or more 
reproductive buds, each of which can develop into an independent plant. 


Artificial Propagation 
This consists of applying our knowledge of natural vegetative repro- 
duction as shown below. 


Fig. 130. Bulbils of Dioscorea 


(a) Cuttings. Lengths of stems of many perennial plants when planted 
in the ground produce adventitious roots and grow into new plants. 
There are numerous examples, including not only plants like the her- 
baceous fleshy prickly pear (Opuntia), but also woody plants like the 
cassava or manioc, and roses. 

(b) Budding and Grafting. (Fig. 131.) Budding is carried out by cutting 
out a young axillary bud (the scion) from one plant in such a way as to 
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include part of the outer tissues, especially the cambium, and inserting 
it in a T-shaped incision made in another plant, the stock. The two are 
then bound firmly until their tissues unite. In grafting, two pieces of 
shoot from different plants are bound together, one (the scion) being 


attached to the stock, which bears the roots. 


Ü 


(e) 
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Fig. 131. Budding and grafting: (a) stock; (5) bud scion; (c) bud graft; (4) stock; 
© shoot scion; (f) graft 


Comparison of Vegetative and Sexual Reproduction by Seed 


Vegetative 


A. Advantages 
1. Offspring are uniform, which is an 
advantage if the plant is well adapted 
to its environment. 


2. Only a single plant is necessary, 
and since many plants can be pro- 
duced from one individual this is very 
useful in the artificial propagation of 
sterile plants, for example, the seedless 
orange. 

3. No pollinating agent is necessary. 
4. This method of reproduction is only 
limited by the food supply and the 
offspring are produced and mature 
more quickly. The plant, therefore, 
spreads faster. 

5. The young plant obtains food from 
the parent over a long period and can, 
therefore, survive adverse conditions 
more easily. 


Sexual by Seed 


A. Disadvantages 
1. Offspring are not uniform. All of ` 
them, therefore, cannot be well adap. 
ted to their environment. 


2. Two parents are required. 


3. An external pollinating agent is 
often necessary. 


4. Seed can often only be produced 
at special stages in the life-cycle or 
during the year. The offspring de- 
velop more slowly and hence the 
spread of plants is slower. 


5. The food supply of the seed is 
limited and germinating seeds 
often die under adverse conditions. - 
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B. Disadvantages B. Advantages 
1. Dispersal is often vay ce 1. Dispersal over long distances is 
which results in overcrowding and possible. Short-distance dispersalcan, 
competition for nutrients and light. however, also result in overcrowd- 


ing. 
2. Disease is often transmitted from 2, Disease is rarely transmitted from 
one generation to the next, One generation to the next. 
3. Since all the offspring are uniform 3. Since the offspring are varied evo- 
there can be no evolutionary advance, lutionary advance can occur, If the 
and if the plants are badly adapted to environment becomes unfavourable 
their environment they may die out the chances of survival are higher 
altogether. than for plants reproducing by vege- 
tative methods. 


SUGGESTED PRACTICAL WORK 


1. Bud structure, The cabbage (Brassica oleracea) starts off as an axillary 
bud which continues to grow after its subtending leaf has dropped off, so that 
it becomes a very large resting bud and appears terminal, Examine its struc- 
ture by cutting through it. Note the bud axis or stem, the shape of its apex 
and the rudimentary leaves with their axillary buds, 

The onion bulb is really a telescoped shoot and should be investigated since 
its structure is very much like that of a bud, The bulb is specialized in that 
it has a short, squat stem which bears buds and thick, fleshy leaves, 

Observe carefully the shape, and arrangement on the stem, of the buds of 
various trees in the compound; pay particular attention to the terminal por- 
tions of branches of frangipani. 

2. Your teacher will cut transverse sections of a young stem of the sun- 
flower (Helianthus) and stain them. Examine one of them with the aid of a 
hand-lens, and note that the section is sufficiently enlarged to show a ring of 
distinct vascular bundles with a narrow zone outside (the cortex) and a wide 
solid central core of pith. The outermost layer of cells (the epidermis) may 
bear hairs. Make a drawing of the distribution of tissues. 

Also look at the section under the microscope and note the varying struc- 
tures of the cells making up the different tissues. 

3, Examine the external and internal features of some of the local examples 
of perennating organs like a rhizome, a tuber, a corm, a bulb, and a sucker 
and make well-labelled drawings, 

4. The next time you visit a botanic garden or an agricultural station ask to 
be shown a grafted plant. Try to discover the names of the varieties used as 
stock and as scion in propagation of Citrus species. 


CHAPTER TWENTY-FOUR 


Roots and Their Structure 


THE main functions of the root, as mentioned in Chapter 22, are those 
of holding the plant firmly and absorbing water and dissolved salts, as 
well as oxygen in solution, from the soil. Experiments to illustrate these 
functions are described in Chapter 29. To fulfil these functions, roots 
normally have to grow through the soil, where they meet a great deal of 
resistance. Their delicate tips are therefore protected by means of a 
cup-shaped layer of tissue known as the root-cap. Behind the root-cap 
the root has numerous delicate hairs known as root-hairs which grow 
between the particles of the soil and thus help the branch roots to hold 
the plant firmly (Fig. 132). The more important function of the root- 
hair is the absorption of water and dissolved salts from the soil. Root- 
hairs live for only a few days, after which they are replaced by new ones. 
They are outgrowths from single surface-cells of the root. 

Root-hairs and root-caps are clearly seen in that tiny water-plant the 
duckweed (Lemna) (Fig. 132), the roots of species of Ficus (e.g., banyan), 
which hang in the air or spread on a wall or another tree, and the stilted 
aerial roots of the screw-pine (Pandanus). 
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Maximum 
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Rootcap 


Fig. 132. (a) Root-tip showing root-cap, hairs, and other parts; (5) Lemna, showing 
rOOl-cap 
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Roots of any type can be distinguished from stems because they do 
not bear leaves or buds, and thus lack internodes; instead, they have 
root-caps and root-hairs at their tips. Internal structure, to be discussed 
below, also shows other differences between roots and stems. 


Types and Shapes of Roots 

There are two types of roots. These are called true roots and adven- 
titious roots, depending on their origin. During the germination of a 
seed (Chapter 28) the radicle arises as the first root and, by definition, 
this is the true root; any branch root that arises from the true roots is 
part of the true root system. But roots may also arise elsewhere on a 
plant, and such roots are called adventitious roots. They are found, for 
example, at the base of the stem of a maize plant, at the nodes of 
creeping plants like the Oxalis, or on leaves, as in Bryophyllum (Fig. 129). 

If in the true roots the first one continues to grow bigger than any of 
its branch roots, as for example in Vernonia (Chapter 22), it becomes a 
tap-root. Together with its branch roots this forms a tap-root system 
(Fig. 133) which is typical of plants with two seed-leaves, or cotyledons 
(Chapter 28), called dicotyledons. If, on the other hand, the branch roots 
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Fig. 133. Tap and fibrous root systems 
grow to about the same size as the first root, along with other roots from 
below the stem, so that it is not easy to distinguish the first root, then a 


fibrous root system (Fig. 133) results. This is commonly found in 
plants with only one cotyledon (monocotyledons), such as maize and 


the grasses. 


Internal Structure of Roots 
A transverse section of the root of a young herbaceous plant, like the 


230 ROOTS AND THEIR STRUCTURE 


sunflower or Vernonia (Fig. 134), when viewed under the microscope 
shows a wide outer region, the cortex, and an inner central core com- 
posed of the tissues of the vascular bundle. 

The outermost layer of cells, called the piliferous layer, represents the 
epidermis. The cells of this layer are thin-walled, and here and there it is 
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Fig. 134, Internal structure of a root 
(a) Monocotyledon (with pith). (6) Dicotyledon (no pith). 


found that some of these cells have grown into long projections which 
are the root-hairs. Inside the piliferous layer are the cells of the cortex 
proper. These are large, thin-walled cells with intercellular spaces 
through which exchange of gases takes place during respiration. 

Just before the inner core, the cells of the cortex are found to be 
particularly specialized, They are elongated without intercellular spaces 
but with dark-staining thickenings round the middle of their radial 
walls. These cells form the endodermis. 
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The central core inside the endodermis consists of star-shaped xylem 
tissue, and phloem tissue between the rays of the xylem. The phloem 
tissue is separated from the xylem tissue by thin-walled cells. 

In the roots of dicotyledons, there is no pith inside the central core, 
but pith is present in monocotyledons. Secondary thickening also takes 
place in roots of dicotyledons in ways similar to those in stems. Com- 
parison of the internal structure of the root and the stem show that in 
the root the xylem and phloem tissues alternate while in the stem these 
are on the same radii. Secondly, the widest tissue in the root is the 
cortex, while in the stem it is often the pith. There are other differences 
which concern cell structure, but these are not within the scope of 
our present study. 


Roots Modified for Different Functions 

Apart from the two main functions of roots mentioned above, certain 
roots are specially modified for other functions such as climbing or food- 
storage. Some of these modified roots are discussed below. 

Tuberous Roots for Food-storage. Although most ordinary roots nor- 
mally store some food reserves, in certain plants the food reserve, 
which is principally starch, is in such large quantities that the roots 
concerned grow into large swollen structures called tuberous roots. Much 
of the food is stored in the cortex, while the conducting tissue is much 
reduced. Typical tropical examples are the cassava or manioc, and 
the sweet potato; in these the storage-roots are adventitious and store 
starch. The carrot stores sugar in its tap-root. 

Contractile Roots. We described these as being strong roots, foundon 
corms such as gladiolus (Fig. 126), which help to pull the new corms 
into the soil to prevent them from appearing on the surface. These roots 
thus help in proper anchorage of the plant. 

Prop and Stilt-roots. Certain plants grow in situations, such as in 
sand or mud, where they need extra anchorage. This is provided by 
prop or stilt-roots which are found in screw-pine (Pandanus), red man- 
grove (Rhizophora), maize (Fig. 135), and in species of Ficus, where they 
provide anchorage against strong winds. A 

Buttress-roots. Also for better anchorage, a number of tropical forest 
trees have very large projections at the bases of the main roots, called 
buttress-roots, Probably due to the fact that in the forest the soil is damp 
and the roots do not penetrate deep enough for these very tall trees, 
these buttress-walls are formed to give better anchorage against strong 
winds. A typical example is found in the silk-cotton tree, or Ceiba 
(Fig. 135). 

Climbing and Aerial Roots. Many epiphytic plants (Chapter 32) pro- 
duce roots which help in securing attachment to the bark of the tree 
on which they grow. In some cases there are other aerial roots, which ab- 
sorb drops of water as they run down the tree. Such roots are also green 
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with chlorophyll and carry out photosynthesis. Orchids and species of 
Ficus (Fig. 135) are examples of plants with aerial or climbing roots. 


Fig. 135. Modified roots: (a) aerial roots of a fig tree; (5) prop-roots of maize; 
(c) buttress-roots of silk-cotton; (d) water roots of Pistia stratiotes 


SUGGESTED PRACTICAL WORK 


1. Dig up seedlings of Vernonia and corn and compare the nature of their 
roots. 

2. Germinate some maize seeds or bean seeds, and after about four days 
Observe the root-cap and the root-hairs, using a hand-lens if necessary. 

The next time you visit the beach, look for a screw-pine (Pandanus) and 
observe its large stilt-roots and the prominent root-caps. 
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3. The teacher will cut a section of the root of the sunflower or a bean, stain 
it, and mount it under the microscope for you to examine. Using the low power 
of the microscope, study the distribution of the tissues, and make a drawing 
of them. 

4. Make drawings of local examples of tuberous and contractile roots. 
Visit a botanic garden to see examples of prop, buttress, and climbing roots, 

5. From what you have learnt about the roots so far, try to study how the 
root is adapted for its functions: for example, for holding the plant, notice 
that the root branches and spreads in the soil, and its central wood helps in 
overcoming the pulling strains. For absorbing water the branches and the 
root-hairs provide a large surface, their walls have no cuticle to hinder entry 
of water, and their semi-permeable cytoplasm and the concentrated sap help 
water to enter by osmosis, Consider the other functions and find out the 
necessary adaptations. 


CHAPTER TWENTY-FIVE 


Leaves and Their Structure 


NOoRMALLY when we speak of the leaf we mean the ordinary green leaf, 
or foliage leaf, whose main function is the manufacture of food for the 
rest of the plant by the process of photosynthesis (Chapter 22). The leaf 
also loses water to the atmosphere (transpiration). The leaf grows at the 
node of a stem and has a bud in its axil. 


Parts of a Leaf 

A typical green leaf (Fig. 136) consists of three principal parts, the — 

leaf-base, the petiole, and the leaf-blade (or lamina). The leaf-base is 
the part of the leaf attached to the stem; it may bear two structures at 
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Fig. 136. Parts of a foliage leaf 
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the sides called stipules, as found in a dicotyledon like the rose, orexpand 
into a sheath, as in monocotyledons like the banana or grasses. The 
petiole is the stalk between the leaf-base and the leaf-blade, but it is 
absent in the leaves of some plants, like the Zinnia and apple of Sodom 
(Calotropis). The leaf-blade, or lamina, is the green, flattened part of the 
leaf. In the centre is a strong vein known as the midrib, which gives rise 
to the secondary veins at its sides. Leaves of dicotyledons are net-veined, 
while those of monocotyledons are parallel-veined (Fig. 137). 


Shapes of Leaves 

There are simple and com- 
pound leaves. A simple leaf is 
in one piece, that is, it has 
one leaf-blade, and even 
when the margin is irregular 
or divided, the portions are 
not wholly separated at the 
original midrib. A com- 
pound leaf, on the other 
hand, has its separate por- 
tions (called Jeaffets) separ- 
ated at the original midrib 
so that each of them has a 

` i . Separate stalk; but all of 

Fig. 137. (a) Net and © parallel types of veins them are attached to a 

suis common leaf stalk. Simple 
leaves are found in plants like the hibiscus, pawpaw, and Vernonia. 
Compound leaves are found in Cassia, silk-cotton (Fig. 138), and the 
rose. 

The way in which the portions of leaves are arranged on the leaf-stalk 
gives rise to two main forms. When the leaf divisions form a radiating 
series like the fingers of a hand, we refer to the leaf as palmate. Among 
simple leaves examples of such palmate types are cassava or manioc 
(Fig. 138), and the pawpaw. In compound leaves examples of palmate 
types are the silk-cotton and Oxalis. 

When the leaf divisions are in two series on each side of the common 
axis, the leaf is referred to as pinnate. In simple leaves the central axis is 
the midrib, as in Lactuca taraxacifolia (Fig. 138). In compound leaves 
the axis is an extension of the petiole, and examples are the nim tree 
and Cassia (Fig. 138). 


Internal Structure of a Leaf 
When we examine under the microscope a transverse section or cross- 
section cut from a foliage leaf (Fig. 139) we find that the leaf is made up 
of a number of different tissues. The upper and lower surfaces each 
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Fig. 139. Transverse section of a leaf 
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consist of a single layer of brick-shaped cells forming the upper and 
lower epidermis. These cells have no green chloroplasts. In some plants, 
such as the balsam or plants from shady places, there may be minute 
pores called stomata among the cells of the upper epidermis, but in most 
leaves the stomata are only found among the cells of the lower epidermis. 
The exposed surfaces of the cells of the upper and lower epidermis are 
covered with cuticle which prevents evaporation of water from their 
cells. In some plants, like the Allamanda, the epidermis bears hairs 
which also help to reduce loss of water. 

The tissues of the leaf-blade between the two epidermal layers are 
called the mesophyll, and have small green chloroplasts which contain 
chlorophyll. The latter is essential in photosynthesis. There are two 
types of mesophyll cells, the upper mesophyll called the palisade tissue, 
and the lower mesophyll called the spongy tissue. The palisade tissue 
usually consists of two layers of long cells closely arranged at right- 
angles to the surface of the leaf. They often contain more chlorophyll 
than the lower spongy tissue. The latter is made up of cells of irregular 
shapes with large air spaces between them. 

In the mesophyll can be found a section of the midrib and the veins, 
which contain, among other cells, the vascular bundles which carry 
solutions to and from the leaf. 

As mentioned above, the lower epidermis is often well supplied with 
stomata. A stoma is in fact a hole or pore around which are two bean- 
shaped cells called guard-cells (Fig. 140). These are the only cells in the 
epidermis with chloroplasts and they control the closing and opening 
of the stomatal pores in response to environmental changes, 

Leaf-fall. As the leaves grow old they change colour and eventually 
drop off. Before a leaf falls, a thin layer of tissue, called the absciss layer, 
grows across the base of the petiole and forms a line of weakness; the 
leaf, cut off from its supplies of water and mineral salts, is soon blown 
off. As the leaf drops it leaves a mark on the stem known as the /eaf- 
scar and made of cork tissue which formed beneath the absciss layer. 


Modified Leaves 

There are various structures on certain plants which are modifications 
of the ordinary foliage leaf, as described below. 

1. Scales. We have already mentioned in Chapter 23 the brown re- 
mains of leaves, called scales, which are found on bulbs and tubers. 

2. Scale-leaves. These are found in buds (Fig. 115) and bulbs (Fig. 
127) as already described. 

3. Hairs and Spines. In a few plants the leaves are either absent or 
modified into hairs or spines which are unable to carry on photo- 
synthesis; in these plants the work of the leaf in manufacturing food is 
taken on by the stem, as in cactus or Euphorbia (Fig. 123) or by the 
roots, as in some orchids. 
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4. Leaf-tendrils. In plants like the Gloriosa lily, the tip of the leaf is 
modified into a tendril which is a long, thin structure used by the plant 
in climbing (Fig. 141). 

5, Food-storage Organs. We have already mentioned Bryophyllum 
(Fig. 129) where the leaf is thick with stored water and food substances. 


SUGGESTED PRACTICAL WORK 


1. Collect, from the school compound, palmate and pinnate types of simple 
and compound leaves and draw them. 

Carefully draw a single leaf of the hibiscus, labelling all its parts. 

2. With the aid of a hand-lens, examine the pores (stomata) in a number of 
leaves. The teacher will provide a demonstration of the shape and structure 
of stomata from a strip of leaf epidermis mounted under the microscope. 

It is quite an easy matter to learn the technique for obtaining epidermal 
strips from leaves, First of all select a fairly thick leaf—for example, from the 
harmattan lily or the spider lily. Next take a pair of fine, narrow forceps and 
‘nip’ a small piece of the leaf surface. With a quick hand movement strip off. 
a portion of the leaf epidermis (a small piece is all that is needed), and mount 
it in a tiny drop of water on a glass slide, Apply a cover-slip and examine the 
slide under the microscope. 

By using this epidermal strip technique it is possible to compare the num- 
ber of stomata on the upper and lower epidermis of a variety of leaves. 

3. Your teacher will show you under the microscope a stained section of 
the leaf of hibiscus, Clerodendron, Ixora, or other suitable leaf. Do not try to 
draw it, but you should be able to recognize the various tissues. 

4. Draw the leaves of Gloriosa lily and Bryophyllum. 


CHAPTER TWENTY-SIX 


Sexual Reproduction in Flowering 
Plants—The Flower, Pollination, 
and Fertilization 


WE have already discussed in Chapter 23 the various devices used by 
underground stems in vegetative reproduction. Those methods or 
modifications for this mode of reproduction are in fact exceptional and 
are found to be limited to special plants and under special conditions. 
The normal method of reproduction in the flowering plants is that of 
sexual reproduction by means of flowers and seeds. 


Structure of Flowers 

The flower is considered a shoot whose parts are modified for the 
purpose of producing seeds. As a shoot it has leaves called floral leaves, 
which are modified into four different structures known as sepals, petals, 
stamens, and carpels. These are closely arranged in rings around a 
swollen end (the receptacle) of the supporting stem (the stalk). A simple 
flower of a common plant like the flamboyant (Delonix or Poinciana 
regia) (Fig. 142), which is widely distributed in the tropics, will serve to 
show us clearly the different parts of a flower and their respective 
functions. 

The Calyx (comprising the sepals). The outer and lowest group of the 
floral leaves is made up of the sepals which together form the calyx. 
In the flamboyant there are five of these, separated from each other and 
coloured green outside and red inside. 

The main function of the calyx is to protect the young flower when it 
is in the bud. The calyx is usually green, has veins, and looks like a 
reduced leaf. In some plants the sepals forming the calyx are joined 
together into a tube, as in the hibiscus flower. Below the calyx in the 
hibiscus, as in certain other plants, are more small leaf-like structures 
which together form the epicalyx. 

The Corolla (comprising the petals). Just above or inside the calyx is 
another group of five brightly coloured petals which together form the 
corolla. One of them is differently coloured and stands upright. The 
function of the showy petals is to attract the attention of insects, whose 
visit to the flower results in pollination. The corolla often produces a 
perfume for the same purpose. At the base of the petal there may bea 
nectary containing a sweet juice on which the visiting insect feeds. In 
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Fig. 142. Parts of a flower (flamboyant) 


the flamboyant the petals are free, but in some other flowers, like the 
Allamanda, they are joined together in a corolla tube. The term perianth 
is used for both the calyx and the corolla, and it is often used in des- 
cribing the flowers of monocotyledons where the petals and sepals are 
$0 alike as not to be easily distinguished. 

The Androecium (comprising the stamens). Inside the corolla comes a 
number of slender structures, the stamens, which together form the 
androecium, or the male organs. Each stamen consists of a stalk, the 
filament bearing at its apex a yellow bi-lobed structure, the anther. 
When an anther is cut across it is seen that each lobe has two sacs, the 
pollen sacs, which are filled with a dustlike substance, the pollen grains. 
These are the male structures containing the male cells used in ferti- 
lization. In the flamboyant the stamens protrude above the petals, but 
in Em other flowers, like Allamanda, they are within the cup of the 
corolla. 

The Gynoecium or Pistil (comprising the carpels). In the centre of the 
flower is the pistil or the female reproductive organ. The base of the 
pistil consists of the ovary, which is a box containing rounded bodies 
called the ovules. On the top of the ovary is a long and narrow structure, 
the style, at the tip of which is the receptive area, the stigma, which 
receives the pollen grains during pollination (see below). In the flam- 
boyant, the ovary consists of only one unit called the carpel, but in 
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some plants there are more carpels which are either fused (as in hibiscus) 
or free (as in most species of Anona, such as sweet sop). 

What to Look for in Describing any Given Flower. It is obvious from 
the above description that there are many differences in the parts of 
different flowers. So it is important to be observant when you have any 
particular flower to describe. Some of the characteristics to look for are 
as follows: 

1. Whether the flower is complete or incomplete. Complete flowers 
have all four floral leaves—sepals, petals, stamens, and carpels, but 
incomplete flowers have some of these missing. 

2. Whether the flower is hermaphrodite or unisexual. Hermaphrodite 
flowers have both male (stamens) and female organs (carpels), as in the 
flamboyant, but unisexual flowers have either only male or only 
female organs, as in the pawpaw. 

3. Whether the flower is regular or irregular. Regular flowers are 
symmetrical—that is, when any such flower is divided into two halves 
in any plane the two parts are similar, as in the moon-flower or morning 
glory (Ipomoea). Irregular flowers can be divided into two equal halves 
in one plane only, as in the flamboyant or Crotalaria (Fig. 145). It is 
believed that irregular flowers are more highly developed than regular 
ones. 

4. The number of members of each group of floral leaves, that is, the 
number of sepals, petals, stamens, and carpels. If the number of any 
group is more than 20 it is not necessary to count them all, but only 
to state simply that it is indefinite. Very reduced stamens are called 
staminodes. Smaller numbers of stamens are associated with flowers of 
advanced species. 

5. Whether the members of each group are fused together. Fused 
parts are believed to be more advanced than free ones. We have already 
mentioned flowers with fused sepals and petals. The hibiscus is an ex- 
ample of a flower with fused stamens. When the carpels are fused the 
number can be determined only after cutting a transverse section of 
the ovary. 

6. Whether or not the members of each group are attached to the 
members of another group. For example, are the petals attached to the 
sepals or to the stamens in such a way that one of them cannot be 
removed without removing the other? 

7. Whether the ovary is superior or inferior. That is, whether the 
receptacle is conical, with the ovary on top ofit (superior), or cup-shaped 
with the ovary inside it (inferior). 

8. Whether there is a nectary at the base of the petals. 

9. Whether the stamens are above or below the level of the stigma. 

It is also essential to look for any special modifications of the parts; 
for example, the enlargement and bright colouring of a single sepal of 
certain flowers such as found in species of Mussaenda. 
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Try to describe some fiowers as suggested at the end of this chapter. 

Flowers of Dicotyledons and Monocotyledons. We have already 

mentioned that in monocotyledons the sepals and petals are very alike, 

unlike those of dicotyledons. Again, the floral parts of flowers of 

monocotyledons are often in threes or multiples of three, while those of 

dicotyledons are generally arranged in fours or fives or their multiples. 
Pollination 

The main purpose of the flower is to ensure the transfer of pollen 
grains from the anther of one flower to the stigma of the same or an- 
other flower of the same kind. This process is known as pollination and 
it is the first step leading to fertilization and the formation of the seed. 
When the pollen grains from one flower are carried to the stigma of 
another, it is said that cross-pollination has taken place. If, however, the 
pollen gets to the stigma of the same flower, the process is called se/f- 
pollination. Cross-pollination is often more effective than self-pollination, 
and the construction of certain flowers prevents self-fertilization but 
achieves cross-fertilization. 

The way in which the parts of any flower are arranged suits the method 
by which the process of pollination is carried out in that particular 
flower. The two principal agents by which pollination is brought about 
in many flowers are insects and the wind. 


Pollination in Some Insect-pollinated Flowers 

Insects play a very important role in the pollination of plants. Bees, 
butterflies, and moths are the principal insects which carry out polli- 
nation, and in nearly all cases this is due to the fact that such insects 
feed on nectar and pollen. For this reason, the mouth-parts of these 
insects are adapted for sucking nectar (see Chapter 8). Bees have their 
legs adapted for carrying pollen grains and for brushing them off their 
bodies, as mentioned in Chapter 9. 

Flowers that are pollinated by insects often have brightly coloured 
petals or sepals, nectar, or an attractive scent. The stigmas and pollen 
are also sticky. The flower itself is often large and the parts are shaped 
to suit the behaviour of the insect when feeding. The mechanism of 
insect pollination will be illustrated by the sunflower, Thunbergia, 
flamboyant, and the sweet-pea bush (Crotalaria). 

1. The Sunflower (Helianthus annus). The sunflower (Fig. 143) is a 
compound flower because it consists of a great number of small flowers 
(called florets) crowded together into a head or capitulum and sur- 
rounded by a number of overlapping sepal-like bracts. The florets have 
no sepals but bear two small scales. There are two types of florets. 
Those nearer the outer part of the head (called ray florets) have long, 
brightly coloured corollas shaped like straps; their ovaries do not 
contain ovules. The other type of florets (the disc florets) occupy the 
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Fig. 143. Sunflower: Q a single floret in bud; (b) three stages in the development of 
a floret; (c) part of a vertical section through a capitulum 


inner part of the head and have tube-shaped corollas. The disc florets 
are specially adapted for pollination. Their corolla is regular and tubu- 
lar, and consists of five petals. 

The stamens are five in number and joined to the corolla. Theyarealso 
joined together by their anthers. The ovary consists of two fused carpels 
containing only one ovule. On the ovary stands the long style with 
two stigmas. 

Pollination mechanism in the sunflower is influenced by the fact that 
itis protandrous, that is, the stamens ripen before the stigmas. As the 
stamens ripen the anthers are split along their inner sides, so that the 
pollen is shed into the tube formed by the anthers, which are joined 
together. At this time the short style below the pollen tube and the 
receptive surfaces of the two stigmas are pressed together so that pollen 
cannot reach them, Later, the style elongates, pushing the pollen out 
of the anther tube, and the stigmas open out to expose the stigmatic 
surfaces. The youngest of the disc florets are in the very centre of the 
capitulum with the older ones around them. Thus by the time the cen- 
tral young ones have reached the stage where only the pollen grains 
are released, the older, outer ones have already got their stigmas above 
the stamens and their stigmatic surfaces are exposed. 

The bee which causes pollination in the sunflower first settles in the 
centre of the capitulum. It receives pollen all over its legs and under- 
surface as it walks outwards. When it reaches the older flowers the 
pollen grains from its body are spread on the exposed stigmatic sur- 
faces, and pollination is effected. Because the pollen grains appear 
before the stigmas it appears impossible to have self-fertilization; but if 
cross-fertilization as described fails, the stigmas curl round to pick up 
their own pollen grains and thus secure self-pollination. 
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2. Thunbergia (Fig. 144). In the first place the flower of this plant has 
an attractive colour. It is also irregular, with one of the petals modified 
into a landing platform which projects forward on the lower part of the 
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Fig. 144. Thunbergia flower 


corolla cup. Inside this platform are well-defined lines. As the carpenter 
bee, which often brings about pollination in this flower, lands on the 
platform it is guided by these lines towards the nectary at the base of 
the corolla and ovary. Soon the back of the insect comes into contact 
with the wet stigma of the flower. In this way any pollen dropped on the 
back of the insect from a visit to a previous Thunbergia is deposited on 
the stigma, and pollination is effected. At the same time the head of the 
insect brushes aside the broad filaments to create an open space for 
itself; but the head cannot go any farther because of the narrowing of 
corolla. Here the bee extends its proboscis and inserts it through the 
small aperture into the nectary to suck the nectar. As the head is moved 
during the sucking of the nectar, the anthers of the flower are shaken 
and so pollen drops on to the back of the insect. After sucking the nectar, 
the bee flies to another flower where the process is repeated. 

3. Flamboyant (Delonix or Poinciana regia). The flower (Fig. 142) of 
this tree has been sufficiently described earlier. Large butterflies with 
long probosces are attracted from long distances by the bright red 
colour of the flowers. As the insect approaches the flowers it is often 
rather dazzled by the mass of brightly coloured flowers. In this con- 
fusion the attention of the insect is caught by the single petal (called 
the /abellum) which is differently coloured and stands upright. In trying 
to reach this petal the insect lands on the stigma which projects in front 
of it above the stamens. The pollen of the last flower which was visited 
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by the butterfly may still be on its head and is dropped on the stigma, 
so cross-pollination takes place, As the insect attempts to suck nectar 
from the nectary situated at the base of the yellow petal, pollen from 
the stamens of the flower are shed on its body. The butterfly leaves this 
flower and moves to another, on whose stigma it may leave some of the 
collected pollen. After pollination the nectar is covered by the petal 
near it and this prevents further visits by butterflies. 

4. The Sweet-pea Bush (Crotalaria). The flower of Crotalaria (Fig. 
145) is irregular, particularly because of the conspicuous upper petal 
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Fig. 145. Crotalaria flower 


known as the standard. There are five green sepals (the two upper ones 
being large) which are joined together to form the calyx. The corolla 
consists of five petals, of which the two front ones are joined to form a 
boat-shaped structure, called the keel; the side ones are called wings; 
while the posterior one, which is the largest and stands up or curls back, 
is called the standard. The keel is so shaped that the lower part forms a 
tube with a narrow opening. Inside the standard are lines which serve 
as guides to the nectary. Within the keel are ten stamens joined in the 
middle by filaments, while the free ends bend upwards. Inside this fila- 
ment tube nectar is secreted from the nectary. The pistil comprises an 
ovary of a single carpel on which is a long style bent upwards roughly at 
right-angles and bearing the hairy stigma. 

Pollination in Crotalaria is carried out by the bee, whose long pro- 
boscis can reach the nectar. The conspicuous standard attracts the 
insect, which on arrival is guided by the lines inside this petal towards 
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the nectary. The bee actually lands on the wings, which are depressed, 
thus depressing the keel. At this time the five inner stamens have already 
shed their pollen into the tube formed by the upper end of the keel, and 
are found lying in the lower part of the keel. The filaments of the outer 
stamens, on the other hand, have then just reached their full growth, 
and are much longer and have swollen club-shaped ends. They lie above 
the inner withered stamens and tightly close the base of the pollen- 
containing tube. A slight downwards pressure on the keel by the bee 
forces the thickened ends of the fine outer filaments further into the 
tube, and squeezes a ribbon of pollen through the narrow opening on 
to the under-surface of the bee. As the pressure increases the stigma 
protrudes above the opening. When the bee tries to reach the nectar the 
stigma rubs against it and receives pollen from flowers previously 
visited. In this way cross-pollination takes place, Although some pollen 
from the same flower could get on the stigma by chance, this would 
rarely lead to self-pollination because the stigma has to be rubbed 
before it is receptive. After obtaining the nectar the insect leaves the 
flower, and the keel returns to its original position to enclose the stigma. 


Pollination in Wind-pollinated Flowers 

Flowers that are pollinated by wind have certain characters in com- 
mon which distinguish them from flowers pollinated by insects. Their 
flowers often have a reduced perianth or exposed parts. They are 
inconspicuous and dull in colour. They have no nectar and are not 
strongly scented, although these features by themselves do not make the 
flower better adapted for wind pollination. They produce a much greater 
quantity of pollen grains than do insect-pollinated flowers; this is an 
advantage because the pollen grains run a greater risk of being washed 
or blown away; a smaller proportion of them reach the stigmas 
Successfully after many have been wasted. The pollen grains are smooth, 
dry, and dust-like and are easily carried by the wind. The stamens and 
stigmas are pendulous and exposed to the air, particularly in plants 
which shed their leaves at the time of flowering, as in Antiaris, the 
baobob, and Ceiba. The anthers are borne on long filaments which 
Swing in the wind, as in the grasses, while the stigmas are often hairy or 
sticky and may be branched (as in the pawpaw and castor-oil) or are 
very long with a large surface area for catching pollen. They protrude 
out of the flower (as in maize) and are feathery (as in the grasses gener- 
ally). These devices help not only the discharge of the pollen but also 
its ready collection by the stigmas. 

The flowers are not usually hermaphrodite but have separate sexes, 
that is, each flower is either male or female (unisexual). A description of 
pollination in the maize will serve as a good example. 

Pollination in Maize. The maize plant has a wind-pollinated flower 
(Fig. 146). A large number of male flowers are borne separately in a 
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Fig. 146. Maize plant and flowers 


much-branched inflorescence at the top of the plant, while female 
flowers, collected into maize cobs, are found in the axil of each leaf, 
lower down the stem. A male flower has a number of scaly bracts 
enclosing three stamens with long filaments. The anthers thus protrude 
and are borne on the very narrow tip of the filaments, so that with their 
light weight they are easily moved by the wind. When a maize cob is 
cut lengthwise, the female flowers are found to form a compact in- 
florescence. Each flower is stalkless and is contained in the axil of a 
scaly bract. The ovary has only one ovule, and above it is an extremely 
long style with a hairy stigma. The inflorescence is covered by large over- 
lapping sheathing bracts to form the cob. At the top of this there pro- 
jects and hangs freely in the air a tuft of fine, long, silky threads formed 
by styles of all the female flowers. Neither the male nor female flowers 
have perianth leaves (sepals and petals) and they are not scented. 

The maize plant is protandrous, that is, the male flowers ripen before 
the female ones. The pollen is shed before the female flowers of the 


248 SEXUAL REPRODUCTION IN FLOWERING PLANTS 


same plant are ready for pollination. This prevents self-pollination. 
When the anthers of one plant burst, the pollen grains are shed like a 
cloud of dust, which floats in the air close to the plant. Many of the 
pollen grains are blown away and wasted, but some of them are caught 
by the protruding stigmas on the same or other plants and pollination 
is thus achieved. 


Fertilization 
Fertilization may be defined as the actual union of two sex-cells, or 
gametes. In the flowering plants this takes place inside the ovule after 


several changes following pollination. The events which take place 
between pollination and fertilization are as follows (see Fig. 147). 
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Fig. 147. Vertical section through a carpel showing fertilization 


When the right kind of pollen grain reaches a receptive stigma, it 
proceeds to germinate. The outer covering wall of the pollen breaks and 
the contents grow out into a long thin-walled structure called the pollen 
tube. The pollen tube enters the tissue of the style and continues to 
grow until it reaches the ovary. Before it enters the ovary two male 
gametes or cells are formed from a single nucleus in the pollen tube. 
When the pollen tube reaches an ovule its tip enters the micropyle, 
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which is a hole at one end of the tissues which cover the ovule. Here the 
tip of the pollen tube bursts to release the two male gametes into the 
embryo-sac. 

At this time the embryo is ready for fertilization and consists of an 
oval-shaped body with a number of nuclei, the most important of which 
are two nuclei, one lying near the micropyle end (the egg-nucleus) and 
the other in the centre. One of the two male nuclei set free by the pollen 
tube unites with the egg-nucleus and forms the zygote, which will grow 
into the embryo of the seed. The second male nucleus fuses with the 
central nucleus of the ovule. In some plants this develops into the 
endosperm which contains the food reserve for the embryo. 


Development of the Fruit 


As the fertilized ovule grows into the seed, the whole ovary becomes 
the fruit while the ovary wall becomes the fruit wall or pericarp. 
Fertilization stimulates the tissues outside the embryo-sac to grow 
actively, especially those of the endosperm which grows around the 
embryo. These tissues are as follows: just outside the embryo is the 
endosperm, and outside this the nucellus. Then come the two layers of 
tissues called the integuments which leave the gap or hole called the 
micropyle. The integuments grow to close the micropyle and become 
greatly thickened to form the seed coats or testa. 

The nucellus generally disappears before the seed is fully formed, 
while the endosperm often stores food which is used by the seed during 
germination, But in some plants such as the flamboyant and other 
legumes, the endosperm is entirely used up by the embryo before the 
seed is mature. In such cases the food is stored in the seed-leaves, or 
cotyledons, of the embryo. The embryo also begins to develop the 
radicle (future root) and the plumule (future shoot). The wall of the 
ovary also grows rapidly and keeps pace with growth of the seed, and 
the whole structure becomes the fruit. 

By this time the style has withered away, and so have the stamens and 
the perianth. 


SUGGESTED PRACTICAL WORK 


1. Take a flower of a species of water-lily (Nymphaea) or Anona. The parts 
of the flowers here are all free. Remove these parts (sepals, petals, stamens, 
and carpels) in that order and draw them. 

Now study another flower in which some of the parts are fused. Note the 
fused parts. Cut the flower in the anterior-posterior direction and make a well- 
labelled drawing of a half-flower. 

2. Watch how pollination takes place (and by what insect) in at least one of 
the brightly coloured flowers described in the text. P 

3. Try to pollinate a flower yourself in order to appreciate the function of 
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pollen grains. Select two young flowers (preferably as large buds) of flam- 
boyant or Crotalaria or of some other flower and remove all the anthers 
intact. Enclose the flowers in paper bags for about two days. Then remove the 
bag from one of the flowers (A) and dust its stigma with pollen from an older 
flower, and cover it up again. Leave the other flower (B) still covered. Watch 
the two flowers for a week or so. What do you notice about the comparative 
sizes of the ovaries of A & B? Which one develops into a fruit? 

4. Examine the structure and arrangement of the male and female flowers 
of maize or another grass. List all features which make them adapted for 
pollination by wind. 

5. Try to germinate some pollen grains yourself; shake out the pollen from 
the anthers of a flower on to a slide, add a drop of dilute sugar solution, apply 
a cover-slip, and observe the grains under the microscope from time to time. 
You will find them germinating to produce pollen tubes, 


CHAPTER TWENTY-SEVEN 
Fruit and Seed Dispersal 


THE fruit of a flowering plant is the fertilized and ripened ovary. 
The fruit of the great majority of plants contains seed. The popular 
view is that a fruit is necessarily edible, but this is wrong, since 
according to the above definition there are fruits of many weeds which 
are not used as food. Also, not all that we eat and call ‘fruit’ is developed 
from a ripened ovary; in other words, some ‘fruits’ are not fruits in the 
true botanical sense. For example, the juicy part of cashew (Fig. 148) 
which we eat is not a developed ovary but a receptacle. The proper 
fruit here is really the hard kidney-shaped nut. 

Before proceeding to discuss the types of fruits, it is important to 
stress how a fruit differs from a seed. We have already mentioned that 
the seeds are inside the fruit. But some small fruits look like seeds, while 
some seeds when outside the fruit look like small fruits. A reliable way 
of distinguishing between a fruit and a seed is that the fruit always has 
two scars which are the scar of attachment by which it was attached to 
the stem, and the scar of the style by which the style and stigma were 
attached to the fruit. The seed, on the other hand, has only one scar, 
the hilum (see Chapter 28), by which it was attached inside the fruit. It 
is a common mistake to refer to a maize grain (Fig. 150), for example, 
as a seed; it is in fact a fruit in which the thin ovary wall is closely 
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Fig. 148. Cashew Fig. 149. A succulent collective fruit 
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attached to the single seed inside it. The sunflower and many cereals 
and grasses have similar fruits which are wrongly called seeds. 


Types of Fruits 

Fruits may be divided into two main groups, namely: 

(1) simple fruits, that is, fruits formed from a single flower, such as the 

bean pod or tomato, and 

(2) collective fruits (Fig. 149) which are fruits formed from many 

flowers or an inflorescence, such as species of Lantana, the mulberry, 

Anona, and the pineapple. These are often called ‘false fruits’ because 

they are not developed from the ovary alone, but may involve other 

parts of the plant. 

Whether simple or collective, fruits may be dry or fleshy. 

Dry Fruits. Some dry fruits do not discharge their seeds and are said 
to be indehiscent. 
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Fig. 151. Dehiscent fruits 


The small fruits which are often mistaken for seeds, such as the 
maize grain, sunflower, Tridax, and the grasses mentioned above, are 
dry fruits which do not open to discharge their seeds. These are called 
achenes (Fig. 150) but large indehiscent fruits, like the cashew-nut and 
Coralita, which are made up of two or more carpels which may be called 
nuts. 

Other dry fruits which open to let out their seeds are said to be 
dehiscent. If the fruit was formed from one carpel it is either a legume 
or a follicle, If formed from many carpels it is a capsule. E 

Legumes. The legumes are very common and are characteristic of the 
large family called Leguminosae. The legume splits along two sides 
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(while the follicle as stated below splits along only one side). Examples 
of legumes include Pride of Barbados, Crotalaria (Fig. 150), beans, 
and peas. 

Follicles. Follicles are not as common as legumes, to which they are 
sometimes similar in shape, and they split on one side only. Exam- 
ples include Sterculia foetida, frangipani, and Asclepias (Fig. 150). 

Capsules. Capsules are rather common. Examples include cotton, 
mahogany (Fig. 151), and queen of flowers (Lagerstroemia) (Fig. 150). 
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Fig. 152. Fleshy fruits 
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In certain fruits the carpels merely separate into fruitlets, as in castor- 
oil (Fig. 151). These are called splitting fruits. 

Fleshy Fruits. Fleshy fruits are divided into groups depending on the 
nature of the fruit wall. For this purpose we should mention here that 
the wall of a fruit (the pericarp) has three parts. These are the outer 
epicarp, the middle mesocarp, and the inner endocarp. The main groups 
of fleshy fruits are the berries, the drupes, and the pomes. 

The Berry. In the berry the fruit wall is fleshy throughout. Examples 
include the tomato, pepper, and the guava. The orange (Fig, 152) is a 
berry in which the ovary wall has a glandular epicarp, and the endocarp 
produces outgrowths to form the juicy pulp. 

The Drupe. In the drupe the endocarp of the fruit wall is hard and 
forms a stone. Examples include the mango (Fig. 152), Indian almond 
(Terminalia) (Fig. 153), the coconut (Fig. 152), and the oil-palm fruit. 
In some of these, such as the mango, the mesocarp is juicy, while in 
others, like the coconut and the Indian almond, the mesocarp is fibrous 
and this makes the fruit light and buoyant. 

The Pome. This consists of a juicy, swollen receptacle surrounding 
the pericarp, which is itself rather stiff and not edible. A pome is de- 
scribed as a false fruit, since the true fruit formed from the ovary is 
hidden inside the fleshy receptacle. Good examples of pomes occur in 
the fruits of Malus (apple) and Pyrus (pear), best known in temperate 
climates. 


Dispersal of Seeds and Fruits 

So that the large number of seeds produced by a plant may be easily 
dispersed, various devices have been evolved which favour the agents 
used for dispersal. This is necessary to prevent over-crowding of the 
seedlings which would otherwise occur if all the seeds germinated 
beneath the mother plant. The common agents by which dispersal of 
seeds and fruits is carried out are explosive mechanisms in the fruit 
itself, wind, animals, and water. | 

Self-dispersal. The seeds of certain plants are shot some distance 
away from the fruits by mechanisms in the fruit itself, which cause the 
pericarp to rupture violently. Common examples include the balsam, 
the castor-oil plant (Fig. 151), and para-rubber, In the balsam the valves 
of the pericarp suddenly roll up when the fruit is lightly touched by any 
object. 

Wind Dispersal. Plants which disperse their seeds with the aid of the 
wind often produce seeds in great abundance so that a few at least may 
reach a suitable spot for germination, even if the majority are left in 
situations that are unfavourable. The wind is able to disperse the seeds 
over fairly long distances, and it is an advantage if the seeds are small 
and light, as in the orchids and in Begonia. H 

In many fruits and seeds special outgrowths are developed which help 
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dispersal by the wind. Examples include Combretum, Pterocarpus, and 
Acridocarpus (Fig. 153). 


ACRIDOCARPUS 


Winged 
Seeds 


ARISTOLOCHIA 
Fig. 153. Seeds and fruits dispersed by wind 


In some plants, especially those belonging to the Compositae, such as 
Vernonia cinerea (the blue fleabane), or Tridax, the calyx is in the form 
of a hairy pappus or parachute. This enables the fruits to be suspended 
in the wind during dispersal. Cotton is a good example of a plant where 
hairs or plumes are used for dispersal. 

Finally, the seeds themselves may be winged, as in Tecoma and 
Aristolochia (Fig. 153). 

Dispersal by Animals. Animals play a vital role in dispersing the seeds 
of our cultivated crops either by eating the fruit or, in the case of seeds 
which have various attachment structures, by carrying them attached 
to their bodies for long distances. In some cases the whole fruit is eaten 
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and the seeds pass through the alimentary canal. When the faeces are 
deposited the seeds are still able to germinate because they have a slimy 
covering which protects them during their passage through the alimen- 
tary tract. Birds often eat guava, bird-pepper, and tomatoes and dis- 
perse their seeds in this way. This is said to be an internal method of 
dispersal. Generally, animals disperse seeds by eating the fruits and 
leaving the seeds about, as with the mango and oranges. 

Another important way in which animals disperse fruits and seeds is, 
as already mentioned, by means of the hooks or sticky hairs developed 
on the seed’s surface. These adhere or cling to the animal’s pelt until 
they are brushed off elsewhere. This is an external method of dispersal, 
The fruits of different types of burs, such as Acanthospermum, Wisadula, 
Urena (Fig. 154), and Bidens, have backwardly directed hooks for the 
purpose, and the fruits of sweetheart (Desmodium) (Fig. 154) have 
sticky hairs for this type of dispersal. 


URENA WISADULA DESMODIUM 


Fig. 154, Seeds and fruits dispersed by animals 


Water Dispersal. Water can carry fruits and seeds long distances, but 
only those with flotation devices and near a river or the sea-shore are 
successfully dispersed in this way. The flotation device often consists of 
an impervious covering of fibrous or corky material as in the coconut. 
Common examples of fruits dispersed in this way are the coconut (Fig. 
151), the water-lily, and the mangrove (see Chapter 32). 


SUGGESTED PRACTICAL WORK 


1. Make a collection of the different types of fruits mentioned in the text. 
Make labelled drawings of them. Some fleshy fruits which are not easily 
obtainable all the year round may have been preserved in methylated spirit 
in the laboratory. ‘ 

2. Visit the school garden and make observations on various types of adap- 
tations for fruit and seed dispersal. Draw as many of them as possible, 

3. Examine the wool or fur of any conveniently studied mammal—for 

R—1 
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(while the follicle as stated below splits along only one side), Examples 
of legumes include Pride of Barbados, Crotalaria (Fig. 150), beans, 
and peas. 

Follicles. Follicles are not as common as legumes, to which they are 
sometimes similar in shape, and they split on one side only. Exam- 
ples include Sterculia foetida, frangipani, and Asclepias (Fig. 150). 

Capsules. Capsules are rather common. Examples include cotton, 
mahogany (Fig. 151), and queen of flowers (Lagerstroemia) (Fig. 150). 
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In certain fruits the carpels merely separate into fruitlets, as in castor- 
oil (Fig. 151). These are called splitting fruits. 

Fleshy Fruits. Fleshy fruits are divided into groups depending on the 
nature of the fruit wall. For this purpose we should mention here that 
the wall of a fruit (the pericarp) has three parts. These are the outer ' 
epicarp, the middle mesocarp, and the inner endocarp. The main groups 
of fleshy fruits are the berries, the drupes, and the pomes. 

The Berry. In the berry the fruit wall is fleshy throughout. Examples 
include the tomato, pepper, and the guava. The orange (Fig. 152) is a 
berry in which the ovary wall has a glandular epicarp, and the endocarp 
produces outgrowths to form the juicy pulp. 

The Drupe. In the drupe the endocarp of the fruit wall is hard and 
forms a stone. Examples include the mango (Fig. 152), Indian almond 
(Terminalia) (Fig. 153), the coconut (Fig. 152), and the oil-palm fruit. 
In some of these, such as the mango, the mesocarp is juicy, while in 
others, like the coconut and the Indian almond, the mesocarp is fibrous 
and this makes the fruit light and buoyant. 

The Pome. This consists of a juicy, swollen receptacle surrounding 
the pericarp, which is itself rather stiff and not edible. A pome is de- 
scribed as a false fruit, since the true fruit formed from the ovary is 
hidden inside the fleshy receptacle. Good examples of pomes occur in 
the fruits of Malus (apple) and Pyrus (pear), best known in temperate 
climates. 


Dispersal of Seeds and Fruits 

So that the large number of seeds produced by a plant may be easily 
dispersed, various devices have been evolved which favour the agents 
used for dispersal. This is necessary to prevent over-crowding of the 
seedlings which would otherwise occur if all the seeds germinated 
beneath the mother plant. The common agents by which dispersal of 
seeds and fruits is carried out are explosive mechanisms in the fruit 
itself, wind, animals, and water. 

Self-dispersal. The seeds of certain plants are shot some distance 
away from the fruits by mechanisms in the fruit itself, which cause the 
pericarp to rupture violently. Common examples include the balsam, 
the castor-oil plant (Fig. 151), and para-rubber. In the balsam the valves 
of the pericarp suddenly roll up when the fruit is lightly touched by any 
object. 

Wind Dispersal. Plants which disperse their seeds with the aid of the 
wind often produce seeds in great abundance so that a few at least may 
reach a suitable spot for germination, even if the majority are left in 
situations that are unfavourable. The wind is able to disperse the seeds 
over fairly long distances, and it is an advantage if the seeds are small 
and light, as in the orchids and in Begonia. 

In many fruits and seeds special outgrowths are developed which help 
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dispersal by the wind. Examples include Combretum, Pterocarpus, and 
Acridocarpus (Fig. 153). 
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Fig. 153. Seeds and fruits dispersed by wind 


In some plants, especially those belonging to the Compositae, such as 
Vernonia cinerea (the blue fleabane), or Tridax, the calyx is in the form 
of a hairy pappus or parachute. This enables the fruits to be suspended 
in the wind during dispersal. Cotton is a good example of a plant where 
hairs or plumes are used for dispersal. 

Finally, the seeds themselves may be winged, as in Tecoma and 
Aristolochia (Fig. 153). 

Dispersal by Animals. Animals play a vital role in dispersing the seeds 
of our cultivated crops either by eating the fruit or, in the case of seeds 
which have various attachment structures, by carrying them attached 
to their bodies for long distances. In some cases the whole fruit is eaten 
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and the seeds pass through the alimentary canal. When the faeces are’ 
deposited the seeds are still able to germinate because they have a slimy 
covering which protects them during their passage through the alimen- 
tary tract. Birds often eat guava, bird-pepper, and tomatoes and dis- 
perse their seeds in this way. This is said to be an internal method of 
dispersal. Generally, animals disperse seeds by eating the fruits and 
leaving the seeds about, as with the mango and oranges. 

Another important way in which animals disperse fruits and seeds is, 
as already mentioned, by means of the hooks or sticky hairs developed 
on the seed's surface. These adhere or cling to the animal’s pelt until 
they are brushed off elsewhere. This is an external method of dispersal. 
The fruits of different types of burs, such as Acanthospermum, Wisadula, 
Urena (Fig. 154), and Bidens, have backwardly directed hooks for the 
purpose, and the fruits of sweetheart (Desmodium) (Fig. 154) have 
sticky hairs for this type of dispersal. 


URENA WISADULA DESMODIUM 


Fig. 154. Seeds and fruits dispersed by animals 


Water Dispersal. Water can carry fruits and seeds long distances, but 
only those with flotation devices and near a river or the sea-shore are 
successfully dispersed in this way. The flotation device often consists of. 
an impervious covering of fibrous or corky material as in the coconut. 
Common examples of fruits dispersed in this way are the coconut (Fig. 
151), the water-lily, and the mangrove (see Chapter 32). 


SUGGESTED PRACTICAL WORK 


1. Make a collection of the different types of fruits mentioned in the text. 
Make labelled drawings of them. Some fleshy fruits which are not easily 
obtainable all the year round may have been preserved in methylated spirit 
in the laboratory. 

2, Visit the school garden and make observations on various types of adap- 
tations for fruit and seed dispersal. Draw as many of them as possible. 

3. Examine the wool or fur of any conveniently studied mammal—for 
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example, a dog, goat, or cow. Collect and investigate the structure of any 
seeds and fruits adhering to the animal’s coat, 

4. Examine bird-droppings on cars, buildings, and so on. Are any seeds 
present? If so, do the seeds have thick coats or not? 

5. Search for fruits and seeds in the school compound and find out how 
far they are from the nearest possible parent plant. In this way you can esti- 
mate the efficiency of seed and fruit dispersal in any particular plant. 

6. Go for a walk in the forest or on the farm after a shower of rain, When 
you return to school, carefully wash off the mud or soil clinging to your shoes 
or feet into a bowl, and search for any seeds and fruits present in the earth 
in the bowl. Germinate the seeds and try to identify the plants which grow. 

7. Try to assess the abundance of seeds produced by various plants by 
investigating the yield of easily studied crops such as cocoa and kola nut, 

In the case of cocoa (Theobroma cacao), count both the number of seeds 
(beans) per pod and the number of pods per tree. Do all trees on a farm pro- 
duce the same total number of seeds? What explanation can you offer to 
account for your results? 

Similarly, estimate the total number of follicles on each kola nut tree 
(Cola sp.), and then count the number of seeds (‘nuts’) present in each follicle. 
What is the average yield of kola nuts per tree on a farm? What reasons can 
you offer to explain the fact that some Cola trees produce as few as 200 ‘nuts’ 
in a year, and others produce over 1500 ‘nuts’ per year? 

8. Make a detailed investigation of edible fruits and seeds and try to dis- 
cover the precise botanical nature of the edible parts. For example, what part 
of the fruit is eaten in the case of the banana, mango, and so on? What is 
the nature of the yellow succulent structure on the black seeds of the akee 
apple (Blighia sapida)? 


CHAPTER TWENTY-EIGHT 


The Structure and Germination of 
Seeds and Plant Growth Stimuli 


THE most important part of the fruit is the seed, for this contains the 
embryo, which is the very young plant with young stages of the root, 
stem, and leaves, and it later grows into the mature plant. The radicle 
and the plumule are the structures destined to grow into the root 
and the shoot respectively. The radicle and the plumule are attached 
to a food reserve and the whole structure is enclosed in a tough protec- 
tive coat called the testa. 

The food reserve is usually stored or made in the seed-leaves called 
cotyledons, but in some seeds such as castor-oil (Ricinus) the food is 
contained in a special structure called the endosperm. Seeds with endo- 
sperms are referred to as endospermous as opposed to non-endospermous 
seeds where there is no endosperm and the food is stored in the coty- 
ledons. There seems to be no relation between the presence or absence of 
the endosperm and the type of germination. 

The cotyledons are also important structures since their number in a 
seed forms the basis for classifying the whole of the flowering plants into 
the two main classes: these are the Monocotyledons, with only one 
cotyledon (as in maize and rice), and Dicotyledons, with two cotyledons 
(as in mucuna bean, mango, and groundnut). 

The mode of germination of a seed is related mainly to the behaviour 
of the cotyledons during the process. In some seeds the cotyledons stay 
below the soil and this type of germination is referred to as hypogeal. 
In others the cotyledons are carried above the soil and may turn green 
and manufacture food for the young plant until the true leaves appear. 
This type is said to be epigeal. We shall discuss below the structure and 
germination of two seeds showing epigeal germination, namely sword 
bean (Canavalia) and groundnut, and two seeds showing hypogeal 
germination, namely mucuna bean and maize. 


Epigeal Germination 
The Sword Bean (Canavalia ensiformis) (Fig. 155). The sword bean 
has a large flat seed covered with a thick seed coat, or testa, which may 
be rather wrinkled when dry. Along its straighter edge is a narrow white 
hilum, which marks the position where the seed was attached to the pod 
by a stalk called the funicle, which is found on rather young seeds, but 
which withers away when the seed is ripe. 
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Fig. 155 (a to i) Structure and germination of Canavalia seed 
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When moistened the testa can be removed and the cotyledons are 
found as two flattened structures. When they are carefully opened, the 
embryo is exposed, consisting of the tiny radicle or primary root at one 
end and the plumule, folded for protection, at the other end. Between 
these lies a small central portion (the hypocotyl) which is joined to each 
of the two cotyledons by a short stalk (see Fig. 155). 
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Fig. 155. (jand k) Structure and germination of Canavalia seed 
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Germination. When the seed is soaked in water and planted, moisture 
penetrates through the tiny hole, the micropyle, and the testa swells and 
becomes smooth. The seed continues to absorb water and the testa 
splits open by the fourth day. By the fifth day the radicle cap has burst 
through the testa near the micropyle and begun to grow straight down 
into the ground. This is followed by the growth of secondary roots 
from the radicle or primary root. 

After this, the plumule begins to grow, drawing on the stored food 
from the cotyledons. The hypocotyl grows quickly (the hypocotyl is the 
region below the cotyledons down to the base of the radicle; it is only 
seen clearly in epigeal types of germination), and by the tenth day it 
bears the cotyledons up into the light (Fig. 155). When they are above 
ground the cotyledons and first true leaves open out, turn green and 
begin to produce food for the plant. Until this happens the seedling 
is dependent on the food store in the cotyledons. The cotyledons con- 
tinue to photosynthesize until enough true leaves have been produced 
for the purpose, and the cotyledons then wither away. 

The Groundnut (Arachis hypogea) (Fig. 156). The groundnut is a well- 
known seed. The embryo lies between the cotyledons in the small pro- 
truding end with the radicle facing outwards and the plumule inwards, 
Behind this protruding end is the hilum. The cotyledons contain a large 
quantity of oil, and the whole seed is covered with a thin brownish or 
reddish-brown testa. 

Germination. When the groundnut is soaked and sown, the radicle 
bursts through by the first day and begins to grow downwards (Fig. 
156). By the second day the plumule has also started to grow inside the 
two cotyledons. By the fourth day the radicle shows a large swelling at 
its base, at the end of which arise the secondary roots. The cotyledons 
now begin to turn upwards, and by the fifth day they are fully vertical 
with the plumule almost outgrowing them. By the following day the 
cotyledons are open and exposed above the soil, showing the plumule 
and the folded true leaves. By the eighth day the true leaves have 
begun to manufacture food for the plant, and the cotyledons to wither 
away. 


Hypogeal Germination 

The Mucuna Bean (Fig. 157). Externally the seed is oval in shape and 
covered by a very tough testa. On one side is a clearly marked hilum. 
Very near the hilum and on one end of it is a tiny pit, the micropyle, 
through which water is slowly absorbed before germination. 

If the seed is soaked for some time in water the testa softens and 
becomes wrinkled, so that it can be split open to examine the seed’s 
internal structure. Inside the testa are the two large, white, fleshy 
kidney-shaped cotyledons, in which the food reserve is stored; the em- 
bryo with the radicle and plumule lies between them at one end. 
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Fig. 156. Structure and germination of groundnut seed 
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Germination. The radicle is the first to break through the testa, and it 
grows downwards whatever the position of the seed in the soil (Fig. 157). 

By the fourth day the epicotyl (that part of the embryo immediately 
above the cotyledons) emerges in a curved fashion dragging the plumule 
behind it, and offering protection to the delicate growing point of the 
plumule on its upward passage through the soil (Fig. 157). The plu- 
mule has emerged from the ground, by the seventh day, the epicotyl 
has straightened and the first true leaves have begun to develop (Fig. 
157). The radicle has by this time grown into a main root which has 
given off secondary roots. By the twelfth day the first leaves have un- 
folded and are well above ground while the remains of the cotyledons 
which had been feeding the young plant are nearly withered away 
(Fig. 157). 

Germination in the mucuna bean is the same as in some other mem- 
bers of the bean family like the African yam bean (Sphenostylis), the 
runner bean, the English broad bean, and the garden pea; it also occurs 
in seeds of citrus trees like the orange and lemon. 

The Corn or Maize (Zea mays) (Fig. 158). The well-known maize 
grain is in fact a whole fruit filled with a single seed, for near the broad 
end may be seen a projecting point which is the remains of the style; 
this is on the same side of the grain as the whitish oval area which is the 
embryo. If the fruit is cut longitudinally through the middle of this area, 
it is found that the embryo lies on one side of a large mass of endosperm, 
which consists mainly of starch with some little protein. The outermost 
layer of the endosperm, which is the layer lying just under the testa, is 
called the aleurone layer and contains protein grains. The wall itself, 
although so thin, is really made up of three layers—the nucellus, integu- 
ment, and the carpel wall (or pericarp). 

The embryo consists of a large plumule, a radicle, and a shield-like 
structure attached at the junction of these two and with its surface in 
contact with the endosperm. This is called the scutellum, or shield, and 
is functionally the single cotyledon. The plumule is covered by a sheath, 
the coleoptile, while the radicle is covered by the coleorhiza (Fig. 158). 

Germination. When the maize grain is moistened with water and 
sown, it begins to germinate by converting the starch and protein of the 
endosperm into soluble substances which pass through the scutellum 
into the embryo. This initiates growth of the plumule and radicle, so that 
within two days the growth of the part of the cotyledon forming a 
sheath under the radicle causes the covering of the grain below it to 
burst. The radicle then grows and breaks through the coleorhiza. At the 
same time the part of the cotyledon above the plumule and the coleop- 
tile grow out to burst the upper part of the grain, and this is followed on 
about the fourth day by growth of the plumule to break through the 
coleoptile (Fig. 158). The first foliage leaves, which are at first rolled 
up, then expand. The scutellum or cotyledon stays below ground 
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Fig. 157. Structure and germination of mucuna bean 
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Fig. 158. Structure and germination of maize 
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within the grain, to absorb food from the endosperm for the developing 
plant. 

The first radicle, with prominent root-cap and root-hairs, does not 
form a main root system as in dicotyledonous seeds, but adventitious 
roots begin to arise from the base of the coleoptile, to form a fibrous 
root system typical of monocotyledons. The unfolding leaves are also 
found to have a sheathing base and a flat, strap-shaped lamina with 
parallel venation which is typical of monocotyledons. The endosperm 
and cotyledon now begin to wither away. 


Conditions Necessary for Germination 
The main factors necessary for successful germination of seeds are: 


(a) Viable seeds. 

(6) Water. 

(c) Air with an adequate amount of oxygen. 
(d) Suitable temperature, 

(e) Light in some species. 


The processes involved in germination require the expenditure of a 
great deal of energy. This energy is obtained by the high rate of 
respiration which accompanies germination, so that factors which 
increase the rate of respiration also favour rapid germination. 

Water. Dry seeds respire rather slowly, but when the seed absorbs 
water, the rate of respiration is increased and germination readily 
follows. 

Air with Oxygen. The need for air with adequate oxygen does not 
seem apparent, but when we consider that seeds covered by stagnant 
and muddy water often fail to germinate, the problem becomes evident. 
For example, in the germination of the red mangrove (Rhizophora) 
(Chapter 32) the seed needs air for germination though it often falls 
from the plant into brackish water. To overcome this, germination is 
begun while the seed can obtain air—i.e., whilst it is attached to the 
plant. 

Temperature. Most plants have an optimum temperature at which 
germination and growth of the seedling take place most rapidly. Tropical 
plants require a higher temperature than temperate plants. For tropical 
plants there is very little difficulty about air temperature, which is 
nearly always suitable for germination. Maize grains often fail to 
germinate below 10°C, whilst water-melons require a temperature not 
lower than 20°C. 


Experiments To Demonstrate Conditions Required For Germination 
1. Four test-tubes with some cotton-wool at the bottom are set up with 


maize grains as follows: 
(a) Control. The control experiment here is one lacking none of the factors 
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being studied. Moisten the cotton-wool in the test-tube with water and place 
some of the maize on it, and then put a light plug of dry cotton-wool in the 
mouth of the test-tube. Place the experiment in a warm place (room tempera- 
ture is enough). The seeds in this case have warmth, water, and oxygen, which 
are all the essentials required. 

(b) Without Water. Place some maize on dry cotton-wool, the mouth of the 
tube being lightly plugged with more cotton-wool. Leave the experiment at 
room temperature. 

(©) Without Suitable Warmth. The experiment is set up like that of the 
control (a) except that it is placed in a cold room or in a refrigerator. 

(d) Without Oxygen. Place some maize on the wool and nearly fill the test- 
tube with previously boiled and cooled water. Pour a layer of oil on the sur- 
face of the water to prevent air dissolving in it. Place the experiment in a 
warm place. Warmth and water are thus provided but not oxygen. 

Observe the seeds daily for several days. The seeds germinate only in Ex- 
periment (a). 

2. Three Beans Experiment. This is a rather simple way of demonstrating the 
conditions necessary for germination. Three dry bean seeds are attached to a 
piece of wood, one at each end and one in the middle. This is placed in a 
beaker, which is filled with water until the middle seed is half immersed in it. 
The beaker is then left in a warm place for a few days, while water is added to 
it from time to time to maintain the original level. 

It is found that only the middle bean germinates successfully because it has 
sufficient moisture, oxygen, and warmth. The seed at the lower end of the 
wood in the water will not germinate properly because although it has suffici- 
ent moisture and heat, it has not enough oxygen. The upper seed also fails to 
germinate because it has only sufficient oxygen and a suitable temperature, 
but no moisture. 

In order to illustrate the need for a suitable temperature, the same apparatus 
¢an be set up but placed in a cold chamber. Germination will then fail. 


Plant Growth and External Stimuli 


Growth is an increase in size or length of an organism. In our study 
of the germination of seeds we found the origin of the root and the 
shoot. Roots usually grow in length downwards and push their way 
through the soil, while the shoots grow up into the air. It is interesting 
to know more about some aspects of growth, such as the regions where 
growth in length takes place, and the effect of external factors such as 
gravity, light, and water on the direction of growth of young plants. 
Some of the responses of plants to these factors are called tropisms. 


To find the region of growth in a root (Fig. 159). Germinate some bean seeds 
in a roll of damp cloth so that the roots are straight. Select one of them, and 
starting at its tip mark off equal spaces of 1 millimetre each with indian ink. 
Line a gas-jar with damp blotting paper and then place this seedling between 
the paper and the glass. After a few hours it is found that as the root grows 
downwards, the equal spaces of 1 millimetre each are maintained at all the 
upper positions except close behind the root-tips where the intervals between 
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the marks become wider and wider. This shows that all the growth in length 
of a root takes place close behind the root-tip. If the tip of the root is cut off 
growth ceases for a while. 

To find the region of growth in a shoot (Fig. 160). Select a growing seedling 


Fig. 159. To find the region of Fig. 160. To find the region of growth in 
growth in a root a shoot 


with an upright stem and mark on it with indian ink equal spaces of 5 milli- 
metres, Examine the seedling every few hours and it will be found that as the 
stem grows, nearly all the marks get farther apart. This shows that growth in 
stems is not confined to a very short distance as in roots, but that it is spread 
over a greater length of the stem. 


Effect of Gravity on Growth of Roots and Shoots, In whatever position 
a seed is planted the main root eventually grows downwards and the 
main stem upwards. This means that roots are positive in their response 
to gravity (positive geotropism) and shoots are negative (negative 
geotropism). These are illustrated by the experiments below. 


To show geotropic response in a primary root and a shoot (Fig. 161). In 
order to show the effect of gravity on the direction of growth of the root, 
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Fig. 161. The effect of gravity on the primary root and shoot 


germinate some bean seeds in a roll of damp cloth and select a seedling with 
a nearly straight root and stem. Line the inside of a gas-jar with damp blotting 
paper and pin the selected seedling through its cotyledons to the centre of the 
cork of the gas-jar. Fit the cork to the gas-jar in a horizontal position so that 
the seedling is horizontal in the centre of the jar. Then place the jar in a dark 
room. The set-up is thus so arranged that the plant is equally surrounded by 
moisture on all sides, and the light effect is absent. Another seedling should be 
pinned on a klinostat (see p. 272) as a control. 

When observations are made every hour, it is found that the tip of the root 
turns downwards while the stem bends upwards. The only force which has 
caused these changes in the direction of growth is gravity. Hence the force of 
gravity causes roots to grow downwards and shoots upwards. 

It is also possible to show geotropic effects in shoots and roots much more 
simply. A potted seedling is placed on its side in a dark room and left over- 
night. The shoot grows upwards while the roots on examination will be found 
to have bent downwards again. 

Effect of light on growth direction of shoots and roots (Phototropism) (Fig. 
162). Shoots generally react positively to the source of light while exposed 


Fig. 162. Experiment to illustrate phototropism 


roots tend to bend away from the light. To show this the following experiment 
may be carried out. 
Select some seedlings grown in moist blotting paper so that the stem and 
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roots are straight. Suspend these vertically on a damp, coarse cloth stretched 
across the mouth of a glass vessel so that the roots dip into water in the glass 
vessel. Place the vessel in a box which allows no ray of light to enter any- 
where except through a hole in one of its sides. After some hours it will be 
found that the stems bend towards the hole through which light enters, while 
the roots bend away from the light. If the vessel is turned round through 180 
degrees so that the shoots are away from the light, they grow again towards 
the light. 


General Effects of Light on Growth. Light has some striking effects on 
plant growth in general. This is easy to see when some seedlings of a 
plant are grown in sunlight and others in darkness. It is found that the 
seedlings grown in the light are relatively short and robust, are green in 
colour, and have relatively larger leaves, whilst those grown in the dark 
are comparatively tall and weak, are white or yellow (they lack chloro- 
phyll), and have smaller leaves. 

The latter type of growth is referred to as etiolation and is explained 
by the fact that a plant in the dark has to grow quickly to reach the light 
in order to increase its rate of photosynthesis since it will otherwise die 
from lack of food. Trees in tropical forests are so tall because of the 
competition for light whereas those in open savannas are more spreading. 

Effect of Water on Growth Direction of Roots (Hydrotropism) (Fig. 
163). Roots grow towards water and are said to be positively hydro- 
tropic, This can be shown by the following experiment. 


Fig. 163. Experiment to illustrate hydrotropism 


Nearly fill a trough with slightly moist soil and place a porous pot in the 
centre of it. Select about six seedlings germinated in moist blotting paper so 
that the roots and shoots are straight, and plant them vertically at a fixed 
distance away from a central porous pot. After a day or two, and before the 
seedlings begin to show the need for water, partly fill the porous pot with water. 
After several days, carefully dig out some of the seedlings and observe the 
nature of their roots. It will be found that the vertical roots have bent towards 
the porous pot. Use a control experiment, set up in the same way, but put no 
water in the pot; instead, water eyenly all over the box. In this case there is no 
root curvature, 
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Factors Necessary for Healthy Growth of Plants to Maturity 


We have dealt with the factors necessary for germination of seeds 
earlier in this chapter, namely water, warmth, and oxygen. But for the 
healthy growth of plants there are a number of factors which play an 
important part; these are mentioned below. 


(@ Organic Food. This supplies the energy which is needed for 
certain life processes, and provides the building material for the for- 
mation of new protoplasm. In the plant some of this exists as conden- 
sation products of sugars formed by photosynthesis. 

(b) Enzymes, Vitamins, and Hormones. Although these are present 
in relatively small quantities, each of them has special functions. 

(c) Mineral Salts. As discussed in Chapter 29 these have special 
functions in the plant. 

(d) Water. Water is necessary for continued growth as it is the 
major constituent of protoplasm and without it cell division ceases, 

(e) Oxygen. Oxygen is necessary for active respiration required for 
growth. 

(f) Favourable temperature. Most plants have a range of temperature 
outside which they may fail to grow. 

Lack of any of the essential factors named above may become a 
limiting factor and arrest the healthy growth of a plant to maturity 
and flowering. 


SUGGESTED PRACTICAL WORK 


1. There are many experiments described in the text in this chapter. Study 
the structure and germination of one seed showing a hypogeal and one 
showing an epigeal type of germination. 

2. Set up an experiment to show the factors necessary for germination of 
seeds. Describe the method in your own words and record your results. 
(Note: It is quite easy to modify the ‘wormery’ described in Chapter Five, 
2(c), so that it can be used as a germination ‘sandwich’. Remove the soil from 
the'*wormery' and replace with a central sheet of blotting paper. Insert seeds 
betweerfthe blotting paper and the glass. Keep the paper moist, and perform 
your germination experiments with the ‘sandwich’.) 

3. Set up or look at demonstrátion experiments showing the effect of light, 
water, and gravity on the direction and rate of growth in stems and roots. If 
your school has a Klinostat. your teacher will use it as a ‘control’ in experi- 
ments to show the effect-of gravity. (The klinostat is an apparatus with a 
motor which keeps turning the shoot or root round and therefore eliminates 
the one-sided effect of gravity or light.) 

4. A simple experiment to discover the amount of water absorbed by a dry 
seed should be attempted. First of all take twenty dry seeds and weigh them. 
Next soak the seeds in water overnight, dry them in a cloth, and weigh them 
again. By subtracting the first answer from the second you obtain the figure 
for the weight of water absorbed by twenty seeds. Divide this figure by 
twenty and you have the weight of water absorbed by a single seed. 


I 
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5. Devise a number of experiments to discover how much food is needed 
by an embryo during its germination. Choose dicotyledonous, non-endo- 
spermic seeds for this work—for example, groundnut seeds, Prepare a graded 
series of seeds, ranging from those with the full amount of food store to some 
with virtually no food store, by cutting away various amounts from the 
cotyledons. Attempt to germinate each seed under identical external con- 
ditions, and note the speed and extent of growth of each seedling. Does it 
seem to you that the groundnut seed needs all its food reserve in order to 
germinate? Does the seed which has been deprived of its entire food store 
succeed in growing at all? 


CHAPTER TWENTY-NINE 


Absorption of Water and Mineral 
Salts and Transpiration in Plants 


A PLANT on land is for most of the time in danger of drying out, 
because of the wind which blows past it and also the heat from the sun. 
It is therefore important that it should have efficient means of absor- 
bing water from the soil. The water is absorbed through the root-hairs, 
as already described, by means of a physical process called osmosis. In 
order to understand this process we should first of all study the basic 
physical process known as diffusion. 

If we succeed in bringing together two solutions of unequal densities 
so that they have a common boundary, the molecules of each solution 
begin to move and to penetrate the other solution so that eventually 
the two solutions come to have the same density. The process by which 
this is brought about is called diffusion. We can perform experiments to 
illustrate diffusion. If fresh water is carefully poured down the side of 
a glass containing a strong solution of sugar, the water will form a 
definite layer on top of the sugar solution since it is less dense. But soon 
the sugar molecules begin to enter the molecules of the pure water and 
more water molecules penetrate the sugar solution. Thus the separ- 
ating line between the sugar solution and the water begins to disappear, 
and before long the sugar solution and the water reach the same den- 
sity; if you taste the mixture at various depths you will find that the 
whole solution has the same degree of sweetness. 

We can make it easier to see how the process takes place if we colour 
the sugar solution by means of a dye such as red ink. In this case the 
final colour of the mixture becomes pink. It is possible to have diffusion 
and achieve the same result even if we placed a membrane such as a 
slice of bread between the two solutions. A slice of bread is a permeable 
membrane, that is, it has wide pores which can allow the molecules of 
sugar and water to pass through equally well. But there are other 
membranes, described as semi-permeable, through which water mole- 
cules pass more easily than molecules of substances dissolved in the 
water, which find it very difficult to pass. Thus when any two solutions 
of unequal densities are separated by a semi-permeable membrane 
there is a flow of solvent (water) between them, more of the solvent 
passing towards the stronger solution. 

It is this modification of the process of diffusion, brought about by the 
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presence of a semi-permeable membrane, which is often referred to as 
osmosis. Osmosis is therefore the process by which the water of a weak 
solution is drawn into a stronger solution through a semi-permeable 
membrane. Examples of semi-permeable membranes are: parchment 
paper, pig’s bladder, skin from inside the shell of a raw egg, sausage- 
skin, and the film formed by copper sulphate in contact with potassium 
ferrocyanide, 


To Demonstrate Osmosis (Fig. 164). 


Tie a semi-permeable membrane, such as pig's 
bladder or parchment paper or cellophane, very 
carefully over the mouth of a thistle-funnel. Invert, 
and fill the cup of the funnel with sugar solution (or 
syrup). Then immerse the funnel in distilled water in 
a beaker. Clamp the arm of the thistle-funnel in a 
vertical position. Mark the level, and leave for some 
time. The level of the solution in the funnel rises and 
the membrane bulges out. This is because water has 
entered by osmosis, 


3rd Day 


and Day 
This experiment can also 

be carried out using living 

material. Yam or cassava 

Funnel tubers are suitable for this 
demonstration, and should 

be prepared in the following 
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Fig. 164. Experiment to illustrate osmosis: (a) thistle-funnel; (b) yam tissue 
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debris. Next place the prepared tuber segment in a dish containing some 
water, and add a small quantity of strong salt or sugar solution to the cavity 
of the tuber. (The level of this solution should be carefully marked on the 
inside of the hollow, with a pin.) In order to prevent excessive evaporation it 
is necessary to place a lid over the dish. Observe the level of the solution inside 
the tuber cavity every day. Does the level of liquid rise or fall? How can you 
explain the results, in terms of osmosis? 

Another simple osmosis demonstration can be performed by using small 
‘chips’ of yam tuber. These are placed in two petri-dishes, A and B. Water 
is added to dish A, and strong sugar solution is added to dish B; the yam 
‘chips’ (each one should measure 2in. x jin. x jin.) should be tested by 
pressing between the finger-tips, every five minutes. Are both sets of ‘chips’ 
equally firm to the touch? Can you explain the results in terms of water move- 
ment across a semi-permeable membrane? 


Permeable and semi-permeable membranes and the phenomenon of 
osmosis are found in cells. The wall 
of the plant cell is permeable, but 


(Semipermeabie pure water or a very weak solution, 


the water will penetrate the cell. 
The greater the difference between 
the concentrations of the inner and 
4 k outer solutions, the greater is the 
Fie Ap podus: pe eR rate of entry. The concentration of a 
solution is a measure of its osmotic 
pressure, that is, the force with which it can absorb water molecules 
when in contact with water. 


Absorption of Water (Fig. 166) 

We can now see how osmosis enables roots to absorb water. We have 
already indicated that the root-hairs, which are prolongations of some 
of the epidermal cells of the root, are in direct contact with water in the 
soil (as a dilute solution of mineral salts) either free or held at the sur- 
face of the soil particles. The outer wall is permeable but the protoplasm 
inside it is semi-permeable. In the vacuole is a much stronger solution 
of sugars and salts than is found in the soil water. That is, the contents 
of the root-hair cells exert a higher osmotic pressure than those of the 
Soil solution. 

Thus the water in the soil readily penetrates the outer cell-wall, and 
the semi-permeable protoplasm allows the water required by the plant 
to enter into the vacuole but hinders the flow outwards of the molecules 
of the more concentrated cell-sap in the root-hair. Thus osmosis occurs 
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and the cell-sap of the root-hair becomes diluted until it is weaker than 
the cell-sap of the cortical cells. The root-hair becomes full of water 
and is said to be turgid. Since the cells of the cortex are less turgid 
water passes into them from the root-hairs. This procedure goes on 
successively through the cortex and endodermis until the water reaches 
the xylem, in which it rises up the plant. In this way water is absorbed 
by the plant. 


Root-hair 
Fig. 166. The root-hair in the soil 


It has been emphasized that for the root-hairs to absorb water in the 
form of aqueous solutions the concentration of the sap, or the osmotic 
pressure inside the root-hair, must be higher than that of the solution 
outside the root-hair. If the osmotic pressure of the surrounding 
solution is the same as that inside, there will be no absorption; if, on 
the other hand, the osmotic pressure of the surrounding solution is 
greater than that inside, then the root-hair will rather lose water and 
its turgidity will fall. This eventually will make the plant wilt. 

It appears that as a result of osmosis the tissues of the roots of 
certain plants exhibit a phenomenon referred to as root pressure (Fig. 


167). 


This is clearly shown by the following experiment. Cut the shoot of a plant 
and firmly attach a glass tube to the stump. Put a little water in the tube and 
cover the surface with oil to prevent evaporation. Water will continue to be 
absorbed by the roots and this rises in the glass tube. Root pressure is also 
demonstrated by keeping a plant in a damp atmosphere when there is no loss 
of water by the plant (transpiration). Root pressure then forces out water 
through the leaf-pores and this appears as drops on the leaf. This process is 
called guttation. 


Force of Transpiration. It is found that when much water is being lost 
through the leaves by transpiration a force is set up which is the most 
important of all the forces responsible for absorption of water from the 
soil. 
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Many people have long been amazed that water can rise to the top 
of trees some of which are several hundred feet high. It is now certain 
that this is brought about by the force which arises from the loss of 
water from the leaves—that is transpiration—and which is transmitted 
throughout the stem to the roots. This force is called transpiration pull. 

In conclusion, therefore, we may say that water is absorbed by the 
plant by means of the forces of osmosis, 
and the transpiration pull. The latter seems 
to be the most important one. 


Absorption of Soluble Mineral Salts 

As well as water, plants absorb the fol- 
lowing elements in the form of mineral 
salts from the soil: sodium, potassium, 
calcium, magnesium, and iron—which are 
metals—and non-metals such as chlorine, 
sulphur, phosphorus, carbon, silicon, and 
nitrogen. We shall consider their use in the 
plant later. In the absorption of these 
elements, the semi-permeable membranes 
of the cells of the epidermis of the root are 
found to be highly selective—that is, an 
element that is essential to the plant is 
absorbed even if its quantity in the soil is 
relatively small. On the other hand, an 
element found in relatively large quantities 
in the soil may only be absorbed in very 
small amounts. Thus although marine 
plants are completely surrounded by sea- 
water they do not absorb the salts dissolved 
init in the proportions in which they are 


$ Fig. 167. Experiment to 
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the entry of others. 

It is also very important to note that only dissolved substances can 
enter the root; solid particles, however small, will not be absorbed. It is 
possible to perform an experiment to illustrate this as follows. 


Obtain two young herbaceous plants like Peperomia (Fig. 113) or balsam 
and place them in two jars containing water, one of which is coloured with 
red ink which dissolves in water, and the other coloured red with carmine, 
which is insoluble in water but remains as very fine particles in it. After a day 
it is found that the middle of the roots and stem of the plant in the red-ink 
water are stained red, while those of the plant in carmine water are without 
the red colour. 

The Rise of Water up the Stem. It was mentioned in Chapter 23 that it is the 
Xylem tissues, or wood, which conduct the absorbed water and mineral salts 
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up the stem. The last experiment described can be used to prove that the xylem 
is the path. When the red-ink solution is absorbed and red lines appear in the 
roots, stem, and leaves, thin transverse sections of them are cut and examined 
under the microscope. It is found that it is the wood vessels (the xylem) which 
are coloured red. 


Water Cultures—Essential Elements 


Mention has already been made above of the elements needed by the 
plant. These are called essential or major elements, They are absorbed 
not as free elements but combined as salts such as nitrates, sulphates, 
and phosphates of calcium, potassium, magnesium, and iron. The water 
in the soil contains at least small quantities of these salts, and if any of 
them is wholly absent, this lack is soon recognized by distinctive, un- 
healthy signs in the plant concerned. These elements are called ‘essential’ 
because the absence of any one of them prevents the plant from com- 
pleting its life-cycle, which means that each of them is directly involved 
in the nutrition of the plant. 

In the laboratory, plants may be grown in various solutions without 
soil in order to find out the part played by the different elements in the 
healthy development of a plant, and thus to know exactly what the 
requirements of particular plants are. This practice is known as water 
culture (see Fig. 168). Complete solutions are supplied, containing all 


-N -Mg -Co -K -P COMPLETE 


Fig. 168. Water culture experiments 


the salts which are known to be essential to plants; also other solutions 
with one of the essential elements missing may be made up and plants 
grown in them. 
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One of the best-known culture solutions is Knop’s solution. This is 
made up as follows as a complete solution: 


Distilled water 1000 c.c. 
Calcium nitrate 1:00 gm. 
Magnesium sulphate 0:25 gm. 
Acid potassium phosphate 0-25 gm. 
Potassium nitrate 0-25 gm. 
Ferric chloride a few drops 


Incomplete solutions are made by modifying the complete solution 
as follows. 
To omit nitrogen, calcium and potassium sulphates are used in place of 
calcium and potassium nitrates. 
To omit phosphorus, potassium phosphate is excluded. 
To omit potassium, sodium salts are used in place of potassium salts, 
To omit calcium, sodium nitrate is used in place of calcium nitrate, 
To omit magnesium, sodium sulphate is used in place of magnesium sul- 
phate. 
To omit iron, ferric chloride is left out. 
To omit sulphur, magnesium nitrate is used in place of magnesium sulphate, 
The plants (ideally, several should be grown in each solution) can first be 
planted in racks of very clean, sterilized test-tubes, but may later be trans- 
ferred into jars covered with black paper to prevent the growth of algae. Sun- 
flower and maize seedlings are quite suitable but leguminous plants are not to 
be used for this type of work. Rooted cuttings of Commelina are also suitable, 
Generally it is better to use a seed without much food reserve and one which 
grows quickly. As soon as the first foliage leaves appear, observations should 
begin and descriptions and drawings should be made. It is important to change 
the solutions every week, and to add distilled water as needed to maintain 
levels, The solutions should be aerated daily, because roots need oxygen. 
From time to time the height of each plant in the series of bottles is measured 
and a note is made of any special features shown by each of the plants in the 
incomplete solutions. These include signs of chlorophyll deficiency, withering 
or spotting of leaves, death of the apex of the stem, and poor root develop- 
ment. Comparison should always be made with the plants in the complete 
Solution. 


Results of such experiments show the following specific roles of the 
essential elements in the metabolism and development of the plant. 

Nitrogen. If nitrogen is absent the seedlings show yellowing of leaves 
(chlorosis) with purple colouring; the plant stops growing and later dies. 
In the presence of a large supply of nitrogen, the plant becomes large, 
leafy, and rather soft. Once nitrogen is in the plant it is formed into 
Compounds such as amino-acids which are used in the formation of 
protein, an essential constituent of protoplasm. 

Phosphorus, This element works hand in hand with nitrogen, since 
both of them are concerned in the formation of many proteins. When 
phosphorus is absent the whole activity of the plant is arrested and the 
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development of lateral branches stops; symptoms such as reddish- 
purple leaves appear. If phosphorus is added to the soil, it assists in 
root formation and branching of the shoot, and also induces the early 
production of profuse flowers and seeds. 

Sulphur. Absence of sulphur results in stunted growth of the plant 
and the formation of yellow patches. This is commonly found in the 
tea plant, where it is called ‘tea yellow’. Sulphur is required for the 
formation of certain amino-acids, 

Calcium. This element is used in the formation of the cell-wall and 
thus provides the skeleton of the plant. Its absence results in poor de- 
velopment of young leaves at the apex of the plant. 

Potassium. Potassium is concerned in the synthesis of carbohydrates 
and protein metabolism in young leaves. Its absence results in chlorosis 
or yellowing of leaves at the margins and tips. 

Magnesium. This element is essential in the formation of chlorophyll 
and helps the activity of enzymes. Its absence results in chlorosis of the 
older leaves; the magnesium in these is transferred to the young leaves. 

Tron. Iron is not used in the structure of chlorophyll as is magnesium, 
but its presence is required during the formation of chlorophyll. Absence 
of iron in the plant is shown by symptoms of chlorosis with the leaves 
looking very pale. 

Trace Elements 

Many experiments conducted with complete solutions of essential or 
major elements on plants have shown that the plants may begin to 
develop signs of poor growth after some time. This means that the plant 
needs something apart from these pure elements. By means of very fine 
techniques it was found that there were certain elements which were 
required in very minute quantities, or traces, before the healthy growth 
of the plant was possible. These elements were called trace elements. 
Examples are cobalt, copper, boron, zinc, and manganese. 


Transpiration in Plants 


Transpiration is the process by which the plant loses water in the 
form of vapour. Most of the water vapour escapes through the stomata 
in the leaves, but some of it also diffuses through the epidermal cells 
and their covering of cuticle; in woody plants, some water is also lost 
through the lenticels on twigs and branches, Since most of the water is 
lost through the stomata the term ‘transpiration’ is now more closely 
associated with stomatal transpiration. 

Stomata have been described in Chapter 25 as tiny pores in the epi- 
dermis of leaves, each pore being surrounded by a pair of special cells 
called guard-cells (Fig. 140) which control the size of the stomatal pores. 
The presence of stomata makes the leaves suitable for exchange of 
gases which goes on due to photosynthesis and respiration, and this 
makes loss of water inevitable. The behaviour of the stomata and the 
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rate of transpiration are determined by environmental factors. Trans- 
piration exerts a force against that of gravity, and this (known as 
transpiration pull) enables water to be absorbed. 


To show that water vapour is given off by plants. Potted plant (Fig. 169). 
Select a potted plant and cover the pot and base of stem with cellophane or 
rubber. Place the potted plant on a Vaselined glass plate, invert a bell-jar over 
the pot and plant, and leave them outside the laboratory. Set up a control 
experiment with no plant. After an hour or so, drops of colourless liquid are 
seen inside the bell-jar with the plant. To show that these drops are water, 
touch them with anhydrous copper sulphate—which is white—and its colour 
changes to blue. No drops of water are found in the control experiment where 
there was no plant. 


Drops of 
Water 


Fig. 169. To show transpiration of a potted plant 


Single Leaf: by Use of Cobalt Chloride Paper. Paper containing cobalt 
chloride is blue when dry and pink when wet. A pair of filter-papers treated 
with cobalt chloride and dried until they are blue in colour are placed one on 
either side of a leaf attached to a low plant. The papers are then protected 
from the water vapour in the outside air by means of transparent covering, 
such as microscope slides clamped together. Soon it is found that the blue 
cobalt chloride papers begin to turn pink, particularly on the under-side of the 
leaf where the stomata are more numerous in most leaves. This shows that 
the leaves give out water vapour mainly from the stomata. 


Measurement of Transpiration. The rate at which water is lost by the 
plant can be determined in various ways including (a) weighing of 
potted plants, (5) weighing a twig, dipping in a test-tube of water, over 
a period of time, and (c) measuring the volume of water absorbed from 
a potometer (on the assumption that the water absorbed is equal to the 
water lost in the same period). Some of these methods will be described. 

Transpiration in a Whole Potted Plant, A well-watered potted plant is placed 
inan aluminium pot-cover and a polythene bag is tied round the vessel as well 
as the stem. This prevents loss of water by evaporation from the pot. The 
whole plant and the pot are weighed together at regular intervals of, say, thirty 
minutes for several hours during the day. It is noticed that there is a continuous 
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leaves. 


loss of weight due to loss of water from the uncovered parts of thestem and the 


| Transpiration in a Twig (Fig. 170). This is a quick weighing method. A twig 
is placed in a test-tube with water and the surface of the water is sealed off 


Fig. 170. Measuring 
transpiration in a twig 


with a layer of oil. A string is attached to the 
test-tube which is hung on a spring balance. The 
weight is taken at short intervals. It is noticed 
that as water is lost by the twig, the weight of the 
whole apparatus decreases. 

The Potometer (Fig. 171). A potometer is an 
apparatus which really measures the rate at which 
water is absorbed by a plant, but it is used to 
measure transpiration by assuming that the rate 
at which water is absorbed is the same as the 
rate of transpiration. In this method the base of 
a cut shoot is placed in a closed container of 
water bearing a graduated tube on which the 
quantity of water absorbed is measured. 


Effect of Environmental Conditions on 
Transpiration. Various environmental con- 
ditions are known to affect the rate of water 
loss by the plant. As a result of this the rate 
of transpiration of a plant, or of any leaf, 
varies from day to day, from hour to hour, 
and frequently from minute to minute, as the 
factors of the environment change. The 
important environmental factors which affect 
the rate of transpiration are light, humidity, 
temperature, and wind. 

Light. The principal effect of light on 
transpiration is through its influence on the 
opening and closing of stomata. In most 
plants the stomata are closed in the absence 
of light, so that transpiration through them is 
very low during the hours of darkness. On 


| the other hand the stomata are open in the presence of light and trans- 


piration is therefore increased in daylight. 


Humidity. The amount of water vapour inthe air, and the temperature 
of the air at any time, influence the rate of transpiration. In general, the 
greater the vapour pressure of the atmosphere the slower is the rate of 
water loss by the plant, while the rate increases in a drier atmosphere. 

Temperature. Another rather indirect effect of sunlight is to increase 
the temperature of the leaves above that of the atmosphere. This rise 
in temperature results in an increase in transpiration rate. Low tempera- 
ture, on the other hand, lowers the rate of water loss. f 

Wind. Usually an increase in the velocity of the wind results in an 
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increase in the rate of transpiration by dispersing any accumulated 
water vapour from around the leaf, whilst a quiet atmosphere retards 
the rate of diffusion of water through the stomata to the outside, because 
water vapour often accumulates around the leaves under such con- 
ditions. In addition, the wind sways and bends the branches and shoots, 
and flutters the leaves; such movements also result in increased trans- 
piration. Finally, winds of very high velocity can actually retard the 
rate of transpiration since the stomata tend to close under such con- 
ditions, 


Water 
Reservoir 


Fig. 171. The potometer 


Transpiration and Plant Habit. Where transpiration is excessive the 
plant will wilt, and it can be seen that certain plants are adapted to 
withstand such conditions, and are thus able to grow in dry situations. 
Such plants are called xerophytes. Some of the ways by which they re- 
duce water loss are by having leaves with thickened cuticle, a covering 
of hairs, or by possessing rolled leaves with stomata on the inner surface. 
Examples are cactus, Euphorbia, and Ammophila. 

At the other extreme are the plants which live in damp situations, or 
in water, and which may have stomata only on the upper surface of their 
leaves. Such plants are called hydrophytes. Examples are the water- 
lettuce and Nymphaea (see Chapter 32). 


SUGGESTED PRACTICAL WORK 


Attempt a number of the experiments described in this chapter. Your teacher 
will set up some of them as demonstration experiments. 

Make notes on the results of the experiments which you try yourself, noting 
particularly where the experiment fails to behave as expected; in such cases try 
to account for the failure. 

Arrange to visit an oil palm research centre and a citrus plantation and 
ask to see evidence of mineral deficiencies (for example, magnesium or zinc 
‘starvation’). Try to discover something about the use of sprays for foliar 
feeding. 


CHAPTER THIRTY 


Photosynthesis, Respiration in Plants, 
and the Carbon Cycle in Nature 


PHOTOSYNTHESIS is the process by which green parts of plants 
make carbohydrates and other compounds containing energy from the 
supplies of free carbon dioxide and water, using sunlight as a source of 
energy. We have often emphasized that this mode of obtaining food is 
a fundamental characteristic of green plants and distinguishes the latter 
from animals. In the process of photosynthesis, the green chloroplasts 
absorb energy from sunlight, and this is used in breaking down water. 
Hydrogen is thus released, which enables carbon dioxide to be broken 
down and which also combines with carbon and some of the oxygen to 
form a simple sugar such as glucose. Some oxygen is given off during 
the process. The usual equation is: 


6CO, + 6H,0 + sunlight CHO, + 60, 
carbon dioxide water energy glucose oxygen 


Photosynthesis is much more complex than the brief outline given 
here. Some of the simple sugar first formed is used in respiration, while 
the remainder is converted into more complex carbohydrates like starch 
and cellulose, which may be stored in the stems or roots of the plant. 
This process often goes further, resulting in the formation of fats and 
organic acids from the carbohydrates after loss of some of the oxygen. 
Finally amino-acids may be formed, which may also be combined with 
each other to form proteins. 

Without photosynthesis there would be no food substance for plants 
and since animals ultimately depend upon plants for their food, life 
would cease. Animals also derive much of the oxygen needed for res- 
piration from plants. In general, starch is produced only during the 
hours of daylight; at night photosynthesis ceases and the insoluble 
starch is reconverted into soluble glucose and transported around the 
plant to positions where it is needed. 


Experiments To Illustrate Features of Photosynthesis 

(a) To show that light is necessary for photosynthesis, 

(i) Test for starch in a leaf. Place two potted plants in a dark cupboard for 
about forty-eight hours, making sure that the cupboard is not airtight. Since 
Photosynthesis does not take place in the dark, all the starch originally in the 
leaves is utilized during this period, so that after forty-eight hours the leaves 
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are said to be ‘de-starched’, that is, they do not contain starch, Then expose 
one of the two plants to sunlight for a few hours. Pluck one leaf from each of 
the two plants and test for starch in the following way. 

Quickly kill the leaves by dipping them in boiling water. Extract the chloro- 
phyll from them by soaking them in methylated spirit and boiling over a 
water-bath until the leaves become colourless. Then remove them from the 
alcohol and dip in warm water for a few minutes to soften them. Add a few 
drops of iodine solution to the leaves. They turn blue-black if starch has been 
formed in them, but yellow if none is present. 

In this experiment the leaves which were exposed to sunlight turn blue-black, 
showing the formation of starch in light, whereas the leaves kept continuously 
in the dark give only the yellow colour with iodine, Therefore light is essential 
for photosynthesis. 

(ii) Another way of showing the need for light is by fixing two corks on a 
leaf that is still attached to the plant. After two days, remove the corks and 
test for starch as described above. 

(b) To show that carbon dioxide is necessary for photosynthesis (Fig. 172). 
Use two young potted plants which have been kept in the dark to make the 


WITH CARBON 
DIOXIDE 


WITHOUT CARBON 
DIOXIDE 


Glass 
Plate 


Caustic Soda 
Fig. 172. Experiment to show that carbon dioxide is necessary for photosynthesis 


leaves starch-free. Place each of them under a large bell-jar, and put these on 
Vaselined glass sheets, Along with one of the plants is placed a lighted candle 
which will use up the oxygen under the jar in combustion and replace it with 
carbon dioxide. Beside the other plant is placed a dish of caustic soda to 
absorb the carbon dioxide in the air under the bell-jar. After leaving these two 
in the light for a few hours, some leaves are removed from each plant and 
tested for starch. It is found that the leaves of the plant surrounded by plenty 
of carbon dioxide show the presence of Starch, whereas the others without 
carbon dioxide have no starch. Therefore carbon dioxide is necessary for 
photosynthesis. 

(c) To show that chlorophyll is necessary for photosynthesis. Select a leaf 
from a plant which has variegated leavés such as ice-plant or panax, and 
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note the positions of the white patches without chlorophyll. After the leaf has 
been in sunlight for some time, test for starch in the usual way (as above), 
and it will be found that only the green parts containing chlorophyll show the 
positive reaction to iodine. Therefore chlorophyll is essential for photosyn- 
thesis, 

(d) To show that starch is formed during photosynthesis. This is described 
under (a) above. 

(e) To show that oxygen is given out during photosynthesis (Fig. 173). Fill a 
glass beaker with water through 
which carbon dioxide has been bub- 
bled for some time. Place in it some 
green water-weed like Elodea, and put 
it in bright sunlight outside, Fit a 
funnel on the plant and invert a test- 
tube filled with water over the funnel, 
After some time, bubbles of colour- 
less gas are formed on the leaves and 
they rise and collect in the test-tube. 
When sufficient gas has collected in 
the test-tube remove the latter, 
closing the mouth with the thumb, 
Fig. 173. Experiment to show that oxy- Test the nature of the gas by placing 
gen is given out during photosynthesis a glowing wooden splinter in the 

test-tube; it bursts into flame, show- 
ing that the gas is largely oxygen. Thus oxygen is given out by plants during 
photosynthesis, 


Oxygen 


Water -plant 
(Ceratophyllum) 


Respiration in Plants 
We have already emphasized that respiration is a process common to 
all living things and that the basic reactions take place within the tissues 
themselves. The easiest aspect of it to detect is gaseous exchange. Res- 
piration is the process by which food substances are broken down to set 
free energy as well as carbon dioxide and water as by-products. It is 
regarded as the reverse of photosynthesis, as shown by the formula: 


CHO, + 60, = 6CO, + 6H,O + energy 
glucose oxygen = carbon dioxide water energy 


Respiration resembles combustion or burning in many ways. In both 
cases oxygen is used to break down an organic substance and to release 
energy, water, and carbon dioxide. In plants there are no special organs 
for respiration, so that oxygen can enter any part of the plant body by 
diffusion, and when tissue respiration is completed the carbon dioxide 
released is similarly given off into the atmosphere by diffusion. 

However, in the leaves and other green parts of plants the carbon 
dioxide is not given off, but used in photosynthesis when light is avail- 
able, so that respiration is here masked by photosynthesis. The stomata 
and lenticels are the channels of least resistance to the exchange of gases. 
Respiration is faster in animals than in plants. 
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Germinating seedlings, flower buds, and the mycelia of fungi have 
fast rates of respiration among plant tissues, and are therefore often used 
to demonstrate the process. The flower buds of the pawpaw (Carica) are 
particularly suitable. 


Experiments to Ilustrate Features of Respiration 
(a) To show that oxygen is used in respiration. Germinating Seeds (Fig. 174). 
Maize grains, soaked in water for about a day until they are fully swollen, are 
placed in a conical flask together with a 
test-tube containing caustic soda. The 
caustic soda will absorb any carbon dioxide 
which will be released as a result of res- 
piration of the grains. A delivery tube is 
connected through the cork of the conical 
flask and its other end dips into a beaker 
of water as shown in Fig. 174. A control 
experiment is set up without maize grains, 
After some time, it is found that the water 
in the beaker rises in the delivery tube, 
indicating that some gas has been removed 
from the air in the flask containing the 
maize grains. When a glowing taper is put A " 
into the flask it fails to burst into flame, Eo A MOL MON 
Showing that nearly all the oxygen has for respiration 
been used up. On the other hand, a 
glowing taper continues to glow in the control flask without maize grains, 
where no water rise is observable. Therefore, oxygen is used up by respiring 
seedlings, and for that matter by respiring plant tissues. 

(6) To show that carbon dioxide is produced by respiring plant tissues, About 
Six or more jars are chosen and into each is placed one of the following: 
leaves in water, germinating seedlings, flower buds, a tap-root, an onion 
bulb, a rhizome, and a tuber. Another jar is also provided as control, that is, 
without any plant material. Into each of these jars is placed a small beaker 
containing lime-water. All jars are corked and placed in a dark place to avoid 
any light effects. After some hours it is found that the lime-water in all the 
jars containing plant material has turned milky. This shows that more carbon 
dioxide has been released by the plants. (Carbon dioxide turns lime-water 
milky.) The last jar with no plant material, which is the control, is the only 
one in which the lime-water fails to turn milky. 

(c) To show that heat is produced by respiring seedlings (Fig. 175). Some 
groundnut seeds are soaked overnight and placed in a vacuum flask. A ther- 
mometer is inserted in the flask so that its bulb is covered by seeds. Plugs of 
cotton-wool are placed in the neck of the flask to hold the thermometer and 
to allow entry of air into the flask. A control is set up in a similar way except 
that here the groundnuts which are placed in the vacuum flask have been 
killed by boiling in water and then Soaked for some time in formalin to 
prevent them from decaying. 

The thermometer readings are taken at the beginning of the experiment, 
and then daily. It is found that the temperature of the unboiled seeds rises 
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from day to day while that of the boiled seeds shows only slight variation. 


This shows that heat is produced by respiring seeds. Non-living material does 
not respire, 


The Carbon Cycle in Nature 

We have seen from our study of photosynthesis and respiration that 
Nature has a way of balancing the exchange of carbon dioxide and 
oxygen, and this is improved further by other processes like burning 
and decay. By means of these processes the amount of carbon dioxide 
in the air, which is only 0-03 per cent, is kept fairly constant. Thus a 
carbon cycle is said to exist in Nature, and this plays an important part 
in the interdependence of plants and animals, and in their food chains 
(see Chapter 2). 


. Cotton 
Wool 
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Wool 
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Fig. 175, Experiment to show that heat is produced by respiring seedlings 


The green plants cover a large proportion of the surface of the earth 
and use up millions of tons of carbon dioxide for photosynthesis. They 
take in the carbon dioxide constantly being made available as a result 
of burning, breathing, and decay, and produce large quantities of oxy- 
gen in place of the carbon dioxide. The oxygen is used by both the plants 
and animals in respiration. Some of the food substances produced 
by photosynthesis are used by the plant itself in respiration, to obtain 
energy for growth and for other life processes; some of the rest is 
used as food by animals, including man, for the same purpose of growth, 
good health, and so on. The growth of other animals which feed on 
green plants also provides man with meat. Man depends still more on 


K 
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plants in other ways; many of his clothes, and the coal which gives him 
power for industry, are derived from plants and ultimately from photo- 
synthesis. The carbon cycle is illustrated in Fig. 176. 
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Fig. 176. The carbon cycle 


SUGGESTED PRACTICAL WORK 


1, Set up some of the experiments described in this chapter on photosyn- 
thesis and respiration, 


CHAPTER THIRTY-ONE 


The Soil and the Nitrogen Cycle 


THE soil forms the environment of the roots of most flowering plants, 
and provides them with the essential mineral salts and water as well as 
the oxygen which the roots need for respiration. It is also the home of an 
enormous number of organisms, whose activities, in one way or another, 
affect the growth of the plants. The soil contains small particles (mineral 
matter) formed as a result of the breaking-down, or weathering, of 
rocks by heat, cold, wind, and rain. The top layer of the soil contains 
a high proportion of decaying remains of plants and animals, known as 
humus. The various components of soil are: 


(1) Mineral matter. 
(2) Humus. 

(3) Water. 

(4) Air. 

(5) Living organisms. 


Determination of the Constituents of Soil 


Every given sample of soil contains the above five constituents in different 
proportions. Thus it is useful to be able to determine what these proportions 
are in any type of soil. It should be mentioned here that it is much more 
difficult to determine the number of living organisms, but determination of 
the other four constituents is easier and will be described below. 

To determine the amount of air in a soil. Find the volume of a small tin by 
filling it with water and pouring the water into a measuring cylinder. Call 
this volume a. Fill the tin tightly with soil, press it down, and add more 
soil until it is impossible to press it any further. Level off the soil at the top 
and then scrape it into a large measuring cylinder containing 200 c.c. of water. 
Stir until air bubbles cease to appear. Let us call the new volume 5. 

Then calculate the amount of air as follows: 


Volume of soil with air =a 
Volume of soil without air = b — 200 
Volume of air =a — (b — 200) 


This can be expressed as a percentage of the soil, thus: 
a — (6 — 200) 
a 


x 100 
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To find the amount of (a) water and (5) humus in a soil. 

(a) Find the weight of a silica dish (x grammes). Place in it a quantity of 
soil and weigh again (y) in order to know the weight of the soil (y —x). Place 
the dish and soil in an oven at a temperature of 105°C for about 12 hours, 
after which all the water will have evaporated. Remove the soil from the oven, 
cool in a desiccator, and weigh again (z grammes). There will bea loss in weight 
due to loss of all water. Repeat the heating and weighing for further periods 
until a constant weight is obtained. 

Calculate the amount of water as the difference between the weight of the 


damp soil (y —x) and the oven-dry soil (z —x), namely (y—x) — (z—x) gm. 
The result should be expressed as a percentage of the damp soil, thus: 
972) — 69 x 199 = 77 x 100 
6-2) y-x 

(b) After determining the amount of moisture, transfer the dish and the 
oven-dry soil into a furnace and heat to redness (ignition). The humus begins 
to burn, and after about thirty minutes the smoke will have stopped. Remove 
the dish from the furnace, cool it in a desiccator and weigh (k). Repeat until 
the weight is constant. The loss in weight (z —K) is the weight of the humus. 
Therefore 

Percentage of humus in soil = ČZ® x 100 
6-5 

To show the presence of microscopic living organisms in soil. For this ex- 
periment you need three conical flasks with tightly fitting corks, some fresh 
clear lime-water, and a supply of garden or field soil. Take enough soil to 
half-fill a flask and bake it in a really hot oven for about an hour. Then 
place the cooled baked soil in one flask and an equal quantity of fresh soil 
in another flask. Suspend a small tube of the lime-water in each flask, in- 
cluding the one with no soil, and cork tightly. Put all the flasks in a dark 
place for a few days and then note any change in the colour of the lime-water. 
Try to explain your results. 


Types of Soil 

Soils may be classified roughly according to the proportions of the 
different sizes of particles, and on this basis we have sandy and clayey 
soils. Sandy soils are composed largely of sand with gravel, while clayey 
soils consist mainly of clay and silt, which have much finer particles than 
sand. There is a third type of soil called a Joam, which consists of a 
mixture of sand and clay with a certain amount of humus. The high 
proportion of humus makes this the most fertile type of soil. 

It is possible to determine the relative proportions of the soil particles 
in a given soil by the process of sedimentation. To do this, a quantity of 
soil is shaken up in water in a large measuring cylinder and allowed to 
settle out into layers. At the bottom will be the larger and heavier 
gravel followed by the sand on top of it; then comes the silt and finally 
the finest particles, forming the clay. The depth of each of these layers 
gives an indication of its relative proportion in the sample of soil. 
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The relative proportions of the different sizes of particles in a soil 
determine its texture and this affects various properties of the soil such 
as the amount of water that can be retained by it, the rate at which 
water can rise in the soil (capillarity), the extent to which the soil can 
be drained and, finally, the porosity or the number of air spaces in the 
soil. 


PROPERTIES OF SANDY AND CLAYEY SOILS 


Sandy Soil Clayey Soil 

Can retain very little water, thus Can retain a lot of water, thus diffi- 
easily drained. cult to drain. 

Water cannot rise in it to a high level Water can rise in it to a high level 
(poor capillarity). (good capillarity). 

It is well aerated because of the large It is poorly aerated because of very 
air spaces, and dries out easily. tiny air spaces, and does not dry out 

easily. 

It is poor in plant food (dissolved Rich in plant food (dissolved salts) 
salts). which may not be readily available. 


Properties of loam. As mentioned above, a loamy soil is the best type 
of soil for plant cultivation. Its properties combine the best in sandy 
and clayey soils. It also contains humus. 


Experiment to compare the water-retaining capacity of sand, clay, and loam 
(Fig. 177). Stand a filter-funnel in the neck of each of three 100-c.c. measuring 
cylinders and place in each funnel the same weight of sand, clay, or loam soil. 
Pour on to each 50 c.c. of water and let it drain through until all drops cease. 
Then record the volume of water that has drained through in each of the 
cylinders, The volume of water retained by the soil in each case is 50 c.c. 
minus the quantity of water which drained through. 


Experiment to compare the rise of water by capillarity in sand, clay, and 
loam (Fig. 178). Three long glass tubes are each tightly packed with dry 
sand, clay, and loam soil. One end of each is plugged with glass wool and all 
are immersed vertically in a large vessel containing water. Observations are 
made on the levels of the water as it rises in the tubes of soil. It is found that 
at first the water rises by capillarity fastest in the sand, followed by the loamy 
Soil, and is slowest in the clay soil. But after a day or two, the water fails to 
rise any farther in the sand, whereas in the clay it continues to rise until it 
reaches the very top of the tube; the level in the loam continues to be inter- 
mediate but may later reach the top of the tube as in the clay. 


In Nature, the water-retaining capacity of the soil and capillarity 
play important roles in movement of water in the soil. When it rains, 
the water percolates through the tiny air spaces and dissolves some 
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Fig.177. Experiment to compare the water- Fig. 178. Capillarity of various soils 
retaining capacity of sand, clay, and loam 


mineral salts from the soil particles. As it sinks into the subsoil it may 
be retained as ground water, and from here it is able to rise by the 
process of capillarity. 

Soil Fertility 

We have seen above that the fertility of the soil depends on the 
presence of humus, mineral salts, water, air spaces between the soil 
particles, and the proportions of sand and clay. Thus the principal ways 
in which soils lose their fertility include (a) loss of organic matter 
(humus), (5) leaching of mineral salts, and (c) erosion. 

Loss of Organic Matter (humus). In tropical soils when the ground is Í 
cleared of vegetation it is exposed to direct sunshine which raises the 
soil temperature and accelerates the destruction of the organic matter. 
Destruction is slower in temperate climates, where the sun is not so 
strong and the temperature is fairly low throughout the year, even in the 
summer. 

Leaching. Leaching is the washing of mineral salts from the upper to 
the lower layers of the soil by rain. In the tropics leaching is particularly 
common with salts from chalk and limestone (that is, calcium and 
magnesium carbonates) which are soluble in the acid soil water. This 
often results in the formation of soils consisting largely of alumina and 
iron oxide. Such soils are known as laterite and are the common red 
soils in the tropics. When dry, such soils harden into a ‘hard pan’. This 
is a nuisance in agriculture, since aeration is much reduced in such soils. 

Soil Erosion. Erosion is the washing-off of the soil from higher to 
lower altitudes, so that the washed soil is robbed of its fertility. This is 
quite pronounced in the tropics because in the dry period of the year 
the land is left almost bare, so that when the heavy rains come they 
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beat directly on the soil. The rain is therefore the chief agent of erosion 
in the tropics. There are three main types of erosion, depending on the 
causative factors: superficial or sheet erosion, gully erosion, and wind 
erosion. 

(i) Superficial or Sheet Erosion. In this type of erosion, the soil over a 
slope is eroded uniformly. This is generally done by water. It is increased 
by removal of vegetation from the soil during cultivation and over- 
grazing. It is therefore not common in forests, 

(ii) Gully Erosion. This is erosion by rainfall along narrow paths. It is 
found along roads, paths, and ditches, and it often widens the ditches 
and may result in sheet erosion. It is common, for example, to find a 
single tree standing on a pillar of soil while all the surrounding soil has 
been eroded, 

(iii) Wind Erosion. In this case light soils may be carried long distances 
by the wind. It is a problem in tropical deserts. E 


Methods of Conserving Soil Fertility 

1. Prevention of Erosion. Before attempting to renew the fertility of 
the soil it is important first to prevent erosion by employing soil- 
conservation methods, such as vegetative protection and shade, con- 
touring of sloping ground, or terracing and bunding. 

Vegetative Protection and Shade. Yt is essential for fertility that the 
soil should be kept covered during the rainy period of the year, by 
planting a cover crop between crops. The sweet potato is a suitable 
cover crop, but it is also useful to use a leguminous crop because of its 
nodules (see nitrogen cycle below) which help to provide more nitrogen 
in the soil. By covering the ground the cover crops also help to prevent 
destruction of the humus by the heat of the sun. 

Contouring and Terracing. Yt is usual to prevent soil erosion along 
hill-sides by ploughing along the contours, that is, across the slope of 
the hill. 

Bunding. This method involves planting weeds to serve as ‘wash- 
stops’ in lines across the slope so that the draining water accumulates 
on them and its speed is reduced. 

Shelter-belts. Shelter-belts of trees may be planted to prevent erosion 
by wind. 

2. Conservation of Soil water. During the dry period it is important to 
conserve the soil water by loosening the soil between the crops by 
hoeing. This prevents further rise of water by capillarity to the exposed 
dry surface. 

3. Conservation of Humus. Humus is the essential organic (plant) mat- 
ter broken down by fungi and bacteria to provide the mineral salts 
needed by plants. It is usually black in colour and its accumulation 
depends on the presence of air, water, calcium, and warmth. Humus, 
and hence the essential elements, are best maintained by manuring as 
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well as using suitable methods of agriculture, such as shifting cultivation 
and rotation of crops. 

(a) Manuring. The soil can be manured in three ways: by adding 
plant material (plant manure), or the droppings of animals (animal or 
farmyard manure), or by applying chemical fertilizers, such as super- 
phosphate. 

(b) Shifting Cultivation. In many tropical countries where land is 
plentiful, the system of shifting cultivation is used by farmers. A given 
area is cultivated for one or two years, after which it is left to revert to 
bush while a fresh area is farmed. After some years the original area is 
farmed again. This method allows the soil to accumulate enough plant 
food during the fallow period. When the fallow period is as long as five 
to ten years the system is referred to as an extended bush fallow system. 

(c) Rotation of Crops to include Legumes. In European countries where 
there is insufficient land available to allow shifting cultivation, the same 
piece of land has to be farmed from year to year. The method of rotation 
of crops consists in changing the crop on the same land from year to 
year, in such a way as to make the best use of the mineral salts in differ- 
ent layers of the soil and at the same time replenish the essential mineral 
salts at regular intervals by manuring and by planting, say, a leguminous 
crop plant (to supply nitrogen). 


The Nitrogen Cycle in Nature 

Nitrogen is extremely important for the plant and there exist under 
natural conditions various processes by which this element is made 
available to plants and its quantity maintained. In these processes, 
which make up the nitrogen cycle (Fig. 179), various bacteria play 
important parts at different stages. 

Nitrogen exists as one of the gases in the air, but this cannot be 
directly absorbed by plants. Most plants can only absorb nitrogen 
compounds. Nitrates and ammonium compounds are the chief sources 
in the soil. Certain nitrogen-fixing bacteria, which live in the root- 
nodules found on leguminous plants (Fig. 5), are able to ‘fix’ (chemically 
combine) the nitrogen of the air. Thereby they make the nitrogen 
available to the plant through its roots. 

Most of the nitrogen on entering the plant is used to make plant 
proteins. When the plant dies the plant proteins of the humus are sub- 
jected to decomposition by bacteria of decay and are changed mainly 
into ammonium compounds. The plant may, however, be eaten by ani- 
mals which convert the plant proteins into animal proteins. The latter 
are contained in the droppings of the animal—animal manure—or in 
the bodies of dead animals. Both the animal manure and the dead 
animal material are decomposed, as in the case ofthe dead plant material. 
The ammonium compounds in the soil can be increased artificially by 
using synthetic fertilizers, produced by chemical processes. 
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Fig. 179. The nitrogen cycle 


In the soil ammonium compounds are acted upon by soil bacteria 
which convert them first into nitrites and later into nitrates in the soil. 
Their quantity in the soil is increased as a result of thunderstorms (light- 
ning). During thunderstorms the energy of the lightning discharge 
causes nitrogen and oxygen to combine to form nitrogen dioxide which 
dissolves in the rain-drops to form nitric acid. This combines with other 
elements to form nitrates in the soil. While the roots absorb some of the 
nitrates, certain bacteria (nitrogen-freeing bacteria) reduce the rest to 
gaseous nitrogen which escapes into the air. These bacteria depend ona 
high temperature to increase their activity, and this explains why in the 
tropics it is important not to expose humus to the direct action of 
the sun. Under such conditions the nitrogen-freeing bacteria increase 
the quantity of nitrogen in the air. 

The nitrogen cycle as described is obviously necessary to maintain 
the fertility of the soil. 
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SUGGESTED PRACTICAL WORK 


1. Take a sample of soil and determine the amount of air in it, as described 
in the text. 

2. Take another sample of soil and try to determine the amount of water 
and humus in it, using the methods described in the text. 

3. Set up the experiments to compare (a) the water-retaining capacity and 
(6) the rise of water by capillarity in sand, clay, and loam. 

4. Observe the roots of a number of species belonging to the family Legu- 
minosae, and draw the root-nodules. 

5. Work on soils should include an investigation into the activity of earth- 
worms. Darwin estimated that earthworms turned over 11 tons of earth per 
acre every year, thus helping to maintain soil fertility. Refer again to the 
practical work suggestions in section 2 (c) at the end of Chapter Five. 


CHAPTER THIRTY-TWO 


Ecology: Plants and Animals in Their 
Environment 


EcoLoGY is the study of all the relationships between plants and 
animals and their habitats. A habitat is the complex of physical conditions 
to which the plants and animals in a given locality are exposed. The 
organisms in a given habitat form a community and show some inter- 
relations in their ways of life and seasonal variations. 

The object of ecology is to make us familiar with the way organisms 
live together in their natural habitats, and thus enable us to apply the 
principles we have studied during this course. The actual species of plants 
and animals in the same type of habitat vary in different tropical coun- 
tries, and so it is essential that we make our own actual observations; 
but some general descriptions will be given below of selected types of 
habitat to serve as a pattern on which we may base our observations. 


Aquatic Habitat 

Sea-shore (Beach scrub). The sea-shore is a special habitat in that it 
is different from the ordinary environment in which plants and animals 
are found. Apart from the desert, the sandy sea-shore is the most 
unfavourable habitat for life in the tropics. Firstly, the sand is well 
drained and hence retains little water, and even if it is not wholly dry 
the water is not easily available to the plants, since it is highly saline. 
Secondly, winds are usually strong and, as we have learnt, this increases 
the rate of transpiration excessively. Only plants that are adapted to 
withstand such conditions are found. Such plants often have thick and 
reduced leaves (as in Sesuvium) (Fig. 180), hairy leaves (as in sea-side 
lavender Tournfortia), or leathery leaves (as in Jpomoea), so that they 
do not have excessive transpiration. À number of the plants also trail 
on the ground and are rooted at the nodes (as in species of Ipomoea); by 
being low and spreading they are less exposed to the wind. Other plants 
have long roots to tap water which may only exist deep down in the 
soil. The coconut palms may be planted by man, and are able to with- 
stand the wind by means of their strong, fibrous roots. 

One of the low, spreading plants mentioned above is Sesuvium (Fig. 
180), which has thick leaves and the sap of whose cells has an osmotic 
pressure high enough to cause osmotic absorption of water from the 
salty sea-water. This plant forms a carpet on the ground and binds the 
Sand under its interwoven roots against the action of the wind. As 
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the wind blows the dry sand, it forms sand-dunes, which are held together 
by creeping plants like the sea-side morning glory (Ipomoea bilola) and 
the purple sea-side bean (Canavalia obtusifolia), as well as the binding 
grass (Paspalum) or Remirea maritima. Ipomoea and Canavalia creep 
along, branching at the nodes to form a thick cover on the sand. They 
also have long roots. Among the larger plants is the screw-pine (Pan- 
danus), which is a shrub remarkable for its large prop-roots that help 
to anchor it in the sand against strong winds. There are a few charac- 
teristic animals found in this habitat. These include the ghost-crabs and 
some spiders. Turtles are less frequently found, while lizards may oc- 
casionally be seen. 

As we move away from the sea, the vegetation gets denser and more 
stunted. It includes species of prickly pear (Opuntia), the bellyache bush 
(Jatropha gossipifolia), Thespesea populnea, and the carrion crow bush 
(Cassia alata). Among the animals found here are rats and ground 
lizards. 

The Mangrove Swamp. This is often found in the tropics near positions 
where a river and the sea meet, where the floor is made up of particles 
of soil which are deposited at the mouth of the river. The habitat is 
pue difficult for plant and animal survival because of the following 

actors. 
(a) Fluctuating Salt Content. The mangrove swamp is essentially tidal, 
receiving water of lower salinity from the river and of higher salinity 
from the sea at different times each day. The plants and animals in the 
mangrove will thus have to be adapted to withstand such changes in 
salinity. 
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(b) Aeration. The soil in the mangrove swamp is saturated and hence 
almost completely lacks the oxygen required by the plants for respiration. 
Only a limited number of plants can live under these conditions. 

(c) Mobility of the Soil. The soil level is not stable because the rivers 
often bring down alluvium to raise the level of the soil, and this is dis- 
turbed by future sea currents which wash away the soil, so that it is 
difficult for seedlings to establish themselves on the silt. 

The few plants that are found in mangrove swamps are adapted in 
their physiology to withstand the fluctuations in salt content, since a 
number of them are halophytes, that is, are plants with high osmotic 
pressure in their cell-solutions. In order to obtain oxygen for respiration 
some of them have breathing roots. Even where there are stilt-roots 
some of them hang in the air at least for some time before entering the 
mud. The stilt-roots are able to withstand the mobility of the soil. 
Owing to the difficulty which the seedlings may have in establishing 
themselves, the seeds often germinate while still on the tree (where oxy- 
gen is available) before dropping into the water (that is, they are vivi- 
parous). 

Plants and Animals in the Mangrove. Underneath the principal shrubs 
such as Rhizophora (Fig. 181) and Avicennia, there are halophytes like 
Sesuvium which may be found among salt-tolerant creeping grasses such 
as Paspalum or Remirea. It is common to find some molluscs, and crabs 
like the fiddler-crab and buck-crab. Shrubs will be found a little higher 
up the grassy area. Rhizophora and Avicennia range from 30 to 40 feet 
high when virgin, or 10 to 15 feet if they have been cut before. 

Rhizophora, or the red mangrove, is a shrub whose lower part bears 
stilt-roots, which support it. At the end of each of the roots are numer- 
ous lateral roots which provide firm anchorage in the mud. The plant 
is viviparous, that is, the seeds germinate and develop (in the leathery 
fruit) while still attached to the plant (Fig. 182). A long radicle with two 
or three shoots is produced before the seedling falls into the water. The 
radicle is long enough to keep the seed above water. The seed then 
drifts to the bank where it becomes rooted in the mud. 

Avicennia, or the white mangrove, is a shrub that is noted for its 
breathing roots, which protrude from the soil into the air over a wide 
area surrounding the mangrove. Although not viviparous, the embryo 
is in such an advanced condition that the seed germinates rapidly. 

The fallen leaves of these shrubs provide organic debris. Animal 
visitors like the catfish, brought in by high tide from the sea, feed on 
this debris. 

The Fresh-water Pond. This is à common habitat that can always be 
studied. Where a pond is not available, an aquarium can be studied (see 
end of Chapter 2). Most ponds, in fact, are made up of two habitats, 
namely, the region which is permanently under water, and the region 
which is exposed during the dry period. 
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Fig. 181. (a) Mangrove swamp showing Rhizophora with stilt-roots; (b) stilt-roots 
of Rhizophora; (c) breathing roots of Avicennia 


In the shallow part of the pond, which is permanently under water, 
are found plants with floating leaves such as Merremia umbellata and 
white water-lilies (Nymphaea) as well as plants which merely float 
without any attachment to the bottom of the pond, such as the water- 
lettuce (Pistia) and the water-ferns Salvinia and Azolla (Fig. 183). When 
we come to the centre of the pond we find, along with some of the float- 
ing plants mentioned above, that some plants are rooted but unsub- 
merged (such as Enhydra and Typha) while others are submerged (such 
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Fig. 182. Germination of fruit of Rhizophora: (a) attached to parent plant; 
(b) independent seedling 
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Fig. 183. (a) Salvinia and (b) Azolla 


as Ceratophyllum and Elodea). Pistia may be the dominant plant. 

Pistia stratiotes (Fig. 122), the water-lettuce, has large, bright green 
leaves. Hairs on the leaves trap air, thus making them cushion-like 
and enabling the plant to float. There is a stolon which joins up the 
individual tufted plants on the surface of the water. 

Merremia. This plant is not well adapted to life in water, and is often 
found rooted on the banks. It creeps over other plants and produces 
many branch shoots when it grows over the water. 

Ceratophyllum (Fig. 184). This is a well-adapted plant with rather 
dissected leaves. It is always submerged and sometimes difficult to find 
when the pond is under shade. 

Azolla (Fig. 183) is a small, delicate, much-branched moss-like fern 
covered with many overlapping leaves. 

Salvinia (Fig. 183) is a small floating fern with a branched rhizome 
and oblong or ovate leaves. It has no roots at all and water is absorbed 
by diffusion through all parts of the plant. 

Among the animals often found associated with the pond are fishes 
like the millions fish, leeches, fresh-water snails, water-insects, some 
fresh-water shrimps, as well as water-birds, like the kingfishers (Fig. 9), 
which come to feed on the fishes and other animals. 

In the region of the pond which is exposed during the dry period are 
found plants like Marsilea diffusa (Fig. 185), Enhydra, and some sedges. 
Marsilea is a fern with the young leaves rolled and older ones divided 
into fourleaflets. When the plant is exposedit has only a few air-bladders, 
whereas they are found in large numbers when the pond is full, and the 
fern then has a much tougher stem and leaves. 

Aquatic Environmental Factors. Reduced gaseous exchange. In water 
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Fig. 184. Ceratophyllum 
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Fig. 185. Marsilea 


there is a higher concentration of dissolved carbon dioxide but less 
oxygen than in air. Water-plants meet this problem by having plenty 
of air spaces in their tissues, in which gases are stored. Oxygen ac- 
cumulates in them during the day, and carbon dioxide at night when 
photosynthesis ceases. 

Reduced transpiration. The environment of the water-plants is very 
humid, so that transpiration is checked. The plants usually have poorly 
developed stomata on the leaves and they may only be present on the 
upper surface. The epidermis of the leaves and the stem also have no 
cuticle, There are no root-hairs, and the amount of xylem tissue is 
greatly reduced, Thus as transpiration is reduced so is water absorption. 

Reduced light. Particularly in submerged water-plants, the amount of 
light which they receive is small. To meet this situation the leaves are 
thin and flat, and chloroplasts are present even in the ordinary epidermal 
cells, not only of the leaves, but also of the stem, so that full use is made 
in photosynthesis of the little light available. 

Buoyancy. All water-plants are, to some extent, supported by the 
water and therefore tend to have reduced vascular tissue. 

To sum up, we realize that the essential factors of the aquatic habitat 
include light, temperature, gaseous exchange, salinity, nature of sub- 
stratum, current and depth of water. 
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Terrestrial Habitat 

Abandoned farmland (waste ground). This makes an interesting study 
in terms of the order (called succession) in which various plants and 
animals begin to colonize a piece of cultivated ground after it has been 
abandoned. Among the first plants to be found are those from cut 
stumps and those from rhizomes like the nut grass (Cyperus rotundus) in 
the soil. There are also annuals like Cleome and Tridax. On the leaves of 
some of these plants may be found the caterpillars of butterflies. Soon 
creeping grasses and low bushes follow. In West Africa these include 
plants with light and easily dispersed seeds like Musanga smithii and 
Trema guineensis. Finally, trees from seeds of plants like the mango, 
pawpaw, and other fruits appear. After some years a tangle of im- 
passable vegetation may be produced. 


Arboreal Habitat 

Tree epiphytes. These are plants found growing on trees without 
being parasites (see Chapter 2), that is, without making direct demands 
on the manufactured food of the tree. They are commonly found on 
evergreen trees of the tropical rain forests, which cast such a heavy 
shade that only a few plants are able to grow on the ground below. Thus 
apart from the long climbers, a number of plants grow towards the light 
from above by growing on the branches high up the tall trees. The 
habitat for epiphytes is formed by the small portions of bark and other 
debris which collect at the junctions of branches and the main trunk. 
Here the seeds and the spores of epiphytes collect and germinate. 

It is common to find a number of these epiphytes on the silk-cotton 
tree (Ceiba pentandra) in the tropical forest. Many of the epiphytes are 
ferns and orchids. The ferns have very light spores which are easily 
carried by the wind. Different species of ferns have different shapes of 
leaves. A common one is the staghorn fern (Platycerium) (Fig. 186). Its 
leaves are rather broad and leathery and are of two kinds, each of which 
is adapted for a separate function to suit the habitat of the fern. The 
dead brown shield-like leaves which are pressed against the trunk serve 
the function of collecting water as it trickles down the trunk. In this 
water are dissolved salts from the decayed remains of other dead epi- 
phytes and small portions of the bark of the tree. The decayed remains 
collect at the bases of the brown leaves and serve as a reserve supply of 
mineral salts for the fern. The green leaves which protrude from the 
brown leaves are able to manufacture food by photosynthesis. These 
leaves are described as fertile fronds because they bear the spores in 
small groups seen as brownish spots. 

Another common fern epiphyte, Polypodium, is found on oil-palm 
trees in many parts of the tropics. 

The epiphytic orchids (Fig. 187) are found on many tropical forest 
trees and some of them are extremely beautiful. Their success is largely 
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Fig. 186. Platycerium 
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Fig. 187. (a) Tropical epiphytic orchid; (5) epiphytic fig 
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due to their seeds which are among the smallest seeds found in flowering 
plants. They are, however, adapted for their habitat. The long, spongy 
roots are used in absorbing drops of water trickling down the trunk, 
but some of them also contain chlorophyll and thus manufacture food 
for themselves. The upper parts of the roots also offer attachment by 
spreading widely over the host plant and clinging to the bark, while the 
lower portions hang freely in the air to collect the drops of water. Since 
the upper air in which some of these epiphytic orchids grow is often dry, 
their leaves are thick and leathery, to check excessive loss of water by 
transpiration. 

To sum up, the essential factors of the terrestrial habitat include 
temperature range, rainfall, atmospheric humidity, light, nature of sub- 
stratum, wind, mineral content of soil, and kinds of animals. 


SUGGESTED PRACTICAL WORK 


1. Ecology is essentially an out-door subject, and every effort should be 
made to make frequent visits to a chosen area for any particular habitat 
study. It is very important to keep a careful record of the observations you 
make at each visit. Note any seasonal changes that occur in the plants and 
animals. Your teacher will help you with the method to be adopted for each 
study, and also the names of the plants and animals. 

Always think out possible soil and other ecological factors which would 
account for the presence and adaptations of the plants and animals, The 
relationship between particular plants and animals will serve to show their 
food chains, 

2. It is also instructive to make a careful study of life in the aquarium in 
place of life in the pond, and also to illustrate food chains, 

3. Keep a note-book specially for the purpose of recording your botanical 
and zoological observations, and supplement your nature notes with draw- 
ings, pictures, and paintings. Make your entries in the form of a Nature 
Diary, and make it a rule to write something in your diary each day. Here are 
some examples: 

January 26. A very warm day (noon temp. 88? F). Frangipani trees have no 
leaves. Cashew nuts are beginning to develop. Heard a Senegal coucal at 
4 p.m. Saw a drongo (a black bird with a forked tail) ‘loop the loop’ a number 
of times, just as it was getting dusk. 

March 7. Locust-bean trees are in fruit. Ate some of the yellow pulp 
surrounding the locust-bean seeds. Found a prickly plant whilst on a visit 
to my brother in the northern part of the country. (The plant was identified 
a the prickly poppy.) Saw a dog-faced baboon on a rock during my journey 

ome, 

July 29. The cocoa trees have flowers on the main stem; small- to medium- 
sized green pods are also present. Teak trees are in flower; the flowers are 
peculiar because the calyx persists when the rest of the flower fades. Saw a 
Senegal coucal flying with a small mammal (a mouse ?) in its beak. An ant- 
lion adult insect flew into the room at 9 p.m. This creature flies in a feeble 
and rather jerky way. Two hawk moths flew into the dining hall to-night. 
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November 10. Cattle egrets have returned to the compound (they were 
last seen on May 6th) after spending the last six or seven months in the drier 


parts of the country. Saw a small bird with a red beak and a very long tail 


hovering near the classroom. This bird was identified as a pin-tailed whydah. 


Heard a noisy bird; it woke me up from my afternoon rest. The bird was a 


kingfisher and was very beautiful. There are no flowers on the flamboyant 
tree yet. 
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How to Answer Biology Questions 


Drawings 

You are always encouraged to illustrate your written answer with diagrams 
since they help to make your answer clearer. But you may specifically be 
asked to draw one or two things. In either case it is advisable to make your 
drawings as arge as reasonable. In some cases this may require a half-page 
drawing, but in others you may have to use a whole page, including the 
labelling. This provides more room to make your drawing clearer. You 
should make sure that the shapes of the parts of the Object you are drawing 
are correct, as well as their proportions and positions. 

One other use of the diagram or drawing is when you are short of time to 
write out a description. Even in this case it is important to provide a good- 
quality drawing. 


Labelling 

You must label your drawing fully, and your labelling should show that 
you understand what you have drawn. Your labelling lines should begin 
from the correct parts so that it is clear to what part any line refers. You 
cannot be given any marks for what you draw without labelling. 

In some cases, you may be provided with a drawing to label. It is very 
essential in such cases to label intelligently. For example, if you are to label 
à drawing of a stage in the germination of a seed, it is better to say whether 
it is hypogeal or epigeal, and whether the seed is from a dicotyledon or a 
monocotyledon, rather than to say just that it shows ‘a germinating seed’. 


Naming 

You may be asked to describe a named plant or animal, or their parts 
Showing some feature. You may in some cases be asked to describe a pheno- 
menon giving known examples. Quite often you have to draw the plant or 
animal or the part which you describe, and first of all it is essential that the 
name you give should agree with what you have drawn or described. If you 
draw, say, a Canavalia bean, don't call it a mucuna bean, because the two 
are different, Also, it is no use just calling it ‘a bean’. s 

When you are asked for known examples, it is much better to mention 
the examples you have known or studied yourself, rather than those you 
have read about in books. This is because sometimes you may mention an 
example which your examiner may know does not exist in your locality. Of 
Course, you may have travelled to see it somewhere else. However, to avoid 
any doubt, it is usually much easier for you to describe what you have seen, 
rather than what you have only read about in a book. 


314 APPENDIX 


Definitions 


Tf you are asked to give a definition of a phenomenon, this should be brief 
and concern itself with only the essential aspects or meaning. Such questions 
are meant to find out whether you know the essence of the phenomenon. 
For example, digestion may be defined as a process by which enzymes make 
food soluble and ready for absorption or diffusion into the body tissues. 


Originality in Answers 

A number of the questions in biology are original in the sense that the 
answer is never presented as such in a book. Therefore you must be prepared 
to think out your answers to such questions from your overall knowledge of 
the particular subject. For example, if you are asked to trace the path along 
which a molecule of oxygen travels from the air into the tissues of the arm, 
you will realize that you have to think it out yourself. Here the question 
covers respiration and blood circulation. In this question you should describe 
first of all the path of oxygen till it reaches the alveoli, then its diffusion in 
solution into the blood in the capillaries, and how it unites with haemoglobin 
in the red corpuscle. Then describe its path in the circulation—that is, from 
pulmonary vein to left auricle, to left ventricle, to the aorta, to a branch 
artery, to the capillaries of the arm—and diffusion to the tissue. 

Even where the answer is often stated in the textbook, a student is expected 
to add to this if he knows of more facts from other parts of his studies, To 
illustrate, let’s take a simple question like the functions of the root. The 
usual ones found listed in text-books are (a) absorption of water and salts, 
(b) holding the plant, and (c) storage in some cases, as in root-tubers. But a 
little effort will bring to your mind the fact that in say, mangroves, the roots 
are used for breathing. It is also a fact that the roots also conduct downwards 
the carbohydrates prepared higher up the plant. Finally, it is correct to say 
that among what the roots absorb from the soil is oxygen in solution. 


Comparisons 

It is common to be asked to compare two organisms or phenomena. In 
particular such questions often centre around differences between plants and 
animals, or their parts, both in their structure and physiology. Apart from the 
basic differences known in general terms to exist between plants and animals, 
there is often a need for originality since parts of a specific plant may be 
compared with those of a specific animal, such as Spirogyra and Hydra, or a 
named flowering plant and Hydra. 

The mode of nutrition is often the central difference which you must not 
forget to treat in reasonable detail. In fact, similar comparative questions are 
often set involving two plants where one of them is a fungus such as Mucor 
or Rhizopus. Here again the peculiar mode of nutrition in the fungus should 
be clearly brought out in the answer. 

As stated above, sometimes the objects to be compared are such that a very 
original approach and careful thinking out is needed. For example, if you are 
asked to compare, say the epidermis of a plant with the skin of a mammal, 
the first fact to realize is that the epidermis of a plant is only a single layer of 
cell, whilst the skin of a mammal is quite a composite structure several cells 
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in thickness. Apart from both being protective and waterproof, they have 
quite a number of differences which you can make out only after a slow and 
systematic comparison of their parts. 

In general, it is advisable to tabulate your points of similarity and differ- 
ence, so that you cover the essential features point by point. 


Logical and Systematic Presentation of Answers 


Certain questions are framed to test your ability to think in a logical and 
orderly way when providing a suitable answer. Let us assume, for example, 
that you are asked to show how we see a ray of light. Your answer will have 
to be systematic and logical, and should include such points as: light ray 
enters the transparent cornea; the pigmented parts of the iris restrict it; it 
then passes through the pupil to the lens which transmits it through the 
aqueous humour and the vitreous humour, all of which help to produce a 
sharper image, which is inverted, on the back of the pigmented retina, its 
sharpness aided also by the pigmented choroid; the sense cells of the retina, 
mostly concentrated at the yellow spot, send impulses along the (optic) sensory 
nerve-fibres to the brain, where the orientation of the image is corrected, and 
the (optic) motor nerve-fibres carry the impulses outwards to the muscles of 
the eye to enable us to move our eyes or to focus more clearly. 

For another example let us consider a question asking for the processes 
which enable air to get into the lungs when we breathe in. Here again the 
following order of the main points will be essential: muscles contract and 
pull on ribs; ribs rise, and the sternum is raised forwards; diaphragm contracts, 
flattens, and is lowered; thus volume of thorax increases, pressure inside 
Chest cavity (or pleural cavity) decreases, and therefore air enters. 


Ecology— Plants and Animals in Their Environment 

Questions on ecology are often relatively easier, and provided you have 
Studied some environment yourself, it should be interesting to answer it since 
much originality can be displayed. It is important to be able to mention 
exactly the place you have studied, and its position in relation to a better- 
known locality, such as your town. If you should draw a map of the arca 
Studied, this should be /arge enough to make it clear, and you should give a 
scale to indicate the size of the area. Also if you want to show the distribution 
of some different plants and animals you should use symbols to show them 
differently. Name the plants and animals correctly. 

It is often necessary to study the factors of the environment which have 
Some effect on the plants and animals there. In a terrestrial (or land) 
environment, for example, the following may be studied and should be men- 
tioned in your answer: temperature (maximum and minimum), atmospheric 
humidity, type of vegetation, seasonal changes, rainfall range, light intensity, 
Wind velocity and effect, nature of the substratum (surface features), soil fer- 

ity, porosity and oxygen content, and the effect of each organism on the 
Others present (whether some prey on others, etc.). 

An aquatic or water habitat such as a pond is a popular choice for study. 
In such a case, the following factors may be studied and included in your 
answer: temperature, light, salinity (that is, the degree of saltiness), water 
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current, depth of water,substratum under the water, rainfall, seasonal changes, 
the plants and animals and their relationships. 

The next aspect of such ecological studies is the adaptations of the plants 
and animals here (structurally and physiologically) to the environment. These 
should be properly interpreted, such as the following: the shape of teeth in 
case of a rodent, the shape of beak and feet in the case of a bird, the presence 
of aerial roots in the case of plants in waterlogged soil, the possession of hold- 
fast for organisms to withstand wave action on rocks, reduced chlorophyll in 
the leaves of plants under shade, asymmetrical shape of trees in windy places, 
water-storage stems in plants of dry and rocky places, etc. 


Answering the Question Asked 


It is most essential to understand precisely what is wanted by the question 
before you start to write or draw. If you are asked, for example, to describe 
a flower pollinated by an insect, it is no use presenting one pollinated by 
wind, because it does not answer the question, however nicely you deal with 
it. You cannot alter the question to suit yourself, and the examiner is at 
liberty to give you no mark for describing the wrong thing. You must be very 
careful to avoid such situations. 


INDEX 


abdomen, 62, 63, 69, 74, 76, 78, 81, 88, 
94, 99, 139 

absciss layer, 205, 237 

absorption: of food, 158-159; of water, 
216-278, 306 

accommodation, 181 

acellular organisms, 34, 35-45 

acetabulum, 142 

Achatina, 58 

achenes, 253 

Acridocarpus, 256 

adaptation, 118, 119, 120, 121, 130-131, 
141, 214-223, 231-232, 237-238, 299- 
311 

adrenal glands, 186, 187 
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Antigonon, 215 

ants, 92, 97-99 
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aorta, 162, 165 
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axillary bud, 202, 219 

axis, 139 
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backbone, 102, 137-139, 175, 176 
bacteria, 25, 42, 43, 161, 197, 296-297 
balanced diet, 152-153 
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barb, 121, 123 

barbule, 121, 123 

bark, 214 

bast, 214 

bastard wing, 124 

beak, 119, 121, 124 

bean, 254, 259-262, 268 

bees, 93-97, 101, 242, 243-246 
beetles, 99-101 
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berry, 255 
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bracts, 242, 247 
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Bryophyllum, 203, 223, 224, 229, 238 
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Bufo, 112 
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Canna, 219, 220 
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carnassial teeth, 147 

carnivores, 29, 147 

carpals, 141 
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caterpillars, 87, 88-90 

catfish, 111, 301 

caudal vertebrae, 139 

Ceiba pentandra, 204, 205, 206, 208-209, 
231, 246, 307 

cell-walls, 21, 34 

cells, 15, 17, 7, 2, alae, 34-35, 276 

centipede, 64-6, 

centrum, 137, 15 

cephalothorax, 62, 63 

Ceratophyllum, 33, 304, 305 

cerci, 71, 74 

cerebellum, 176 

cerebrum, 176 

cervical vertebrae, 139 

chameleon, 127 

chelicerae, 65, 66 

chitin, 61 
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199 

Chlorella, 48 

chlorophyll, 20, 21, 27, 39, 40, 191, 203, 
232, 237, 281, 286-287 

chloroplasts, 191, 193, 211, 237, 285, 306 

chlorosis, 280, 281 

choroid, 181 

chromatophores, 40 

chrysalis, 88 

cilia, 41, 42, 43 

ciliary processes, 181 

circulation of blood, 159, 161-166 

citrus butterfly, 86, 88-90 

classification, 30-31, 33 

clavicle, 142 

clay, 292-293 

climbing plants, 215 

clitellum, 56 

co-ordination, 186 

coccyx, 139 

cochlea, 183 

cockroach, 69-73, 80 

cocoa, 258 

Cocos nucifera, 206, 207-208 

coconut, 207-208 

cocoon, 56, 57, 90 

Coleoptera, 99 

coleoptile, 264, 267 

coleorhiza, 264 

collenchyma, 211 

coloration, protective, 74, 108, 113 

columella, 197 
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Commelina, 215, 280 

commensalism, 26 

communication: birds, 126; insects, 74, 
96 

conduction, 134, 203, 278 

conjugation, 44, 192, 193 

conjunctiva, 180 

contour feathers, 121-122 

contouring, 295 

contractile root, 221, 231 

contractile vacuoles, 36, 37, 39, 40, 42, 
43, 191 

convection, 134 

copra, 208 

copulation, 56 

coracoid, 142 

Coralita, 215, 253 

cork, 214 

corm, 215, 220-221, 223 

cornea, 180, 181, 182 

Corolla, 239-240, 243, 244 

Corpuscles, 160-161, 165-166 

Cortex, 170, 211, 230, 277 

cotyledon, 229, 249, 259, 261, 262, 264 

crab, hermit, 24-25 

cranium, 102, 135 

creeping plants, 215 

creeping stems, 223 

cretins, 187 

Crinum, 222, 223 

crop rotation, 296 

cross-pollination, 242, 243 

Crotalaria, 25, 96, 200, 241, 242, 245- 
246, 252, 254 

Crustacea, 29, 61-64 

Culex, 76, 77, 78 

Cuscuta, 27 

cuticle, 55, 61, 237, 281, 284, 306 

Cuttings, 225 

cyst, 38, 41 

cytoplasm, 34-35, 36, 37, 193, 276 


dancing, of bees and birds, 96, 126 
Darwin, Charles, 298 

deficiency diseases, 152 

dehiscent fruits, 253 

Delonix, 200, 206-207, 239, 244-245 
dentine, 144 

dermis, 131, 133 

Desmodium, 257 

dextrin, 157 

diabetes, 187 

diaphragm, 130, 167, 169, 174 
diastase, 156 
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diatoms, 29 
dicotyledon, 211, 213, 229, 231, 235, 242, 
259 


diet, 149-153; balanced, 152-153; and 
dentition, 146-147 

diffusion, 274 

digestion, 15, 20, 21, 48, 49; of mammals, 
154-159, 161 

Dioscorea, 220, 225 

Diptera, 76, 81 

disease, 18, 26, 75-76, 78-79, 83, 84-85, 
86, 152, 199 

dodder, 27, 32 

dog, 146, 147 

dorsal pore, 56 

double circulation, 163-165 

down feathers, 121, 123 

drupe, 206, 207, 255 

dry fruits, 253-255 

ductless glands, 186-188 

duodenum, 156 

Duranta, 215, 217 


ear, of mammals, 130, 131, 182-184 

earthworm, 54-57, 60, 61, 298 

ecology, 18, 299-311 

ectoderm, 4647, 48, 53 

ectoplasm, 36, 39, 42 

eggs: of birds, 126; of centipede, 65; of 
fishes, 110; of Hydra, 50; of insects, 72, 
74, 76, 80, 81-82, 85, 88, 93, 95, 96, 
99, 100; of prawn, 64; of spider, 67; 
of toad, 115; of worm and snail, 57, 
59 

elements, essential, 278, 279-281 

elytra, 99, 100 

embryo, 115, 126, 172-173, 249, 259-264, 
273 


enamel, 144 

endocarp, 206, 255 

endocrine glands, 186-188 

endoderm, 46, 48, 53 

endodermis, 230, 277 

endoplasm, 36, 37, 39, 42, 43 

endoskeleton, 102 

endosperm, 249, 259, 264, 267 

energy, 15, 168-169, 285 

Entamoeba, 39 

enteron, 48 

environment: adaptation to, 130-131, 
205, 299-311; and transpiration, 283- 
284 

enzymes, 16, 35, 43, 49, 154, 156, 157- 
158, 196, 272, 281 
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ephemerals, 200 flat-worms, 53 
epicalyx, 239 fleshy fruits, 253, 255 
epicarp, 255 flight, 121, 124 
epicotyl, 264 floral branches, 202 


epidermis, 131-132, 211, 237, 238, 276, 
278, 306 

epigeal germination, 259-262 

epiphytes, 27-28, 231, 307 , 

Eriodendron anfractuosum, 206, 208-209 

erosion, soil, 294-295 

essential elements, 279-281 

etiolation, 271 

Euglena, 20, 34, 39-41, 42, 43, 46, 191 

Euphorbia, 215, 219, 237, 284 

Eustachian tube, 183 

evolution, 17, 18, 31-32, 103-104, 118-119 

excretion, 16, 37, 40, 43, 49, 103, 169-171 

exoskeleton, 62, 63-64, 102, 129 

eyes, 58, 65, 69, 81, 88, 97, 110, 114, 121, 
131; structure and function, in mam- 
mals, 180-181 

eyespot, 39, 41, 191 


facial skeleton, 135 

faeces, 159, 169 

Fallopian tubes, 171, 172 

family, 31 

farmland, abandoned, 307 

fats, 34, 150-151, 153, 156, 157, 159, 285 

fatty acids, 156, 157, 159 

feathers, 119, 120, 121-123, 128 

feeding: birds, 124-126; fishes, 104, 110; 
insects, 70-71, 74, 81, 88, 100 

feelers, 62, 63 

feet: of birds, 120, 124; of mammals, 
131 

Fehling’s test, 150, 157 

femur, 141 

fenestra ovalis, 183 

ferns, 304, 307 

fertility, soil, 294-296, 298 

fertilization. See reproduction 

fibrous root, 229 

fibula, 141 

Ficus, 203-204, 215, 231, 232 

filament, 193-194, 240, 245, 246, 247 

filariasis, 75, 76 

filoplume feathers, 121, 123 

fins, 104, 106-107 

fishes, 27, 102, 103-111, 130 

flagellates, 29 

flagellum, 39, 40, 41, 191 

flamboyant, 205, 206-207, 239-241, 244- 
245 


a 


florets, 242 

flowering and fruiting cycles, 205, 206, 
207, 209 

flowering plants, 200-290; fruit and seed 
dispersal, 251-258; leaves, 234-238; 
roots, 228-233; seed germination, 
259-273; sexual reproduction, 239- 
250; stems, 211—223; vegetative repro- 
duction, 223-227 

flowers, 202, 203, 239-249 

follicle, 253, 254 

food: of animals, 20-21, 24-27, 29-30, 
37, 40, 43, 48-49; digestion of, 154- 
159; of mammals, 149-153; of plants, 
20-21, 24-30. See also nutrition 

food chains, 28-30, 32, 289 

food-storage organs, 215-223, 238 

food-vacuoles, 36, 37, 42, 43 

foramen magna, 137 

form and size, 15, 20, 21 

fowl, domestic, 120-126, 127-128 

fragmentation, 193 

frog, 112, 115, 130 

fructose, 149, 156 

fruitlets, 255 

fruits, 203, 249, 251-257 

fungi, 26, 27, 194-197 


gall bladder, 156 

gametes. See reproduction 
gastric juice, 156 

gecko, 127 

genetics, 17, 18 

genus, 30-31, 33 
geotropism, 269-270 
germination, 259-268, 288 
gestation, 172 

gills, 62, 63, 103, 106, 108-110, 116 
girdle scars, 204 


glands, 16, 130, 132, 133, 134, 170; duct- 
less, 186-188 

glenoid cavity, 142 

glomerulus, 170 

Gloriosa, 238 

Glossina palpalis, 84 

glucose, 149, 156, 159, 169, 285 

glycerol, 156, 157, 159 

glycogen, 159, 187 
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gnat, 75 

goitre, 186 

gonads, 50 

grafting, 50, 226 

granules, 34 

grasshopper, 73-75, 80 

gravity, 269-270, 272 

grazing mammals, 131 

greenfly, 92-93, 101 

groundnut, 262, 273 

growth, 16, 21, 38, 188, 268-273 
guard-cells, 237, 281. See also stomata 
gullet, 39, 41, 42, 43, 155 
gynoecium, 240 


habitat, 299-311 

haemoglobin, 151, 160-161, 168, 169 
hair, 129, 130, 131, 132, 134 
halophytes, 301 

haustoria, 27 

hearing, 182-184 

heart, 161, 162-163 

heartwood, 214 


heat, respiring seedlings and, 288-289. 


See also temperature 
Helianthus annus, 227, 242-243 
hepatic artery, 165 
hepatic portal vein, 158, 159, 163, 165 
herbaceous plants, 200-203 
herbivores, 29, 146-147, 159 
hermaphrodite, 56, 59, 241 
herring, 29 
hilum, 251, 262 
hinge-type joint, 142-143 
Homoptera, 92 
honey-bee, 93-97 
honey-dew, 92, 93 
honey guide, 101 
hoofed mammals, 131, 141 
Hooke, Robert, 44 
hormones, 161, 186-188, 272 
house-fly, 81-84, 90 
humerus, 141 
humidity, 283, 306 
humus, 291, 292, 293, 294, 295-296 
Hydra, 25, 31, 34, 46-52, 53, 56, 57 
hydrophytes, 284 
hydrotropism, 271 
hyphae, 194-196, 197 
hypocotyl, 261, 262 
hypogeal germination, 259, 262-267 
hypostome, 46 


ilium, 142 


imago, 78, 83, 90 

incisor teeth, 145, 146, 147 

incubation, 126 

incus, 183 

indehiscent fruits, 253 

inflorescence, 202, 247 

insects, 61, 65, 69-101 ; economic impor- 
tance, 73, 74, 78-79, 83-84, 86, 90, 93, 
96, 99, 100-101; life-history, 72, 74, 
76-78, 81-83, 85, 88-90, 93, 96, 97- 
99, 100; mode of life and habits, 73, 74, 
76, 81, 84-85, 88, 92, 94-95, 97, 100; 
respiration, 71-72; structure, 69-71, 
76, 81; and pollination, 239, 242-246 

insulin, 187 

integuments, 249 

intercostal muscles, 167 

internodes, 202 

interstitial cells, 47 

intestinal juice, 156 

intestines, 116, 156-157, 158, 159 

invertebrates, 102, 103 

iodine, 186-187 

Ipomoea, 223, 241, 299, 300 

iris of eye, 181 

iron, 151, 280, 281 

irritability—see stimuli, response to 

ischium, 142 


jaws, 62, 63, 65, 66, 135-137 
joints, 142-144 


kapok, 209 

katabolism, 17 

keel petal, 245, 246 

kidneys, 103, 165, 169-171, 174 
kingfisher, 29, 304 

klinostat, 270, 272 

Knop’s solution, 280 

kola nut, 258 


labellum, 244 

labium, 71, 81 

lacteal, 158, 159 

lactose, 149, 156 

Lactuca taraxacifolia, 235, 236 

ladybird, 99-101 

Lagerstroemia flos-reginae, 210, 252, 254 

lamina, 234, 235, 267 

larvae, 76-78, 79, 83, 85, 87-88, 96, 100, 
112 

lateral line, 108 

laterite soils, 294 

leaching, 294 
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leaf, 206, 207, 208, 214-215, 234-238; 
function, 203; starch in, 285-286; 
structure, 235-238 

leaf-base, 234-235 

leaf fall, 204, 206, 207, 208, 209, 237 

leaf-scars, 202 - 

leaflets, 235 

legumes, 253 

Leguminosae, 253, 295, 296 

Lemna, 228 

lens of eye, 180, 181, 182 

lenticels, 204, 214, 281 

Lepidoptera, 86, 88 

lianes, 215 

life cycle, 16 

light: and growth direction, 270-271; 
and photosynthesis, 285-286, 306; ;and 
transpiration, 283. See also eyes 

limb girdles, 141-142 

limbs of mammals, 131, 139-144 

Linnaeus, Carl, 30 

lipase, 154, 156 

liver, 158, 159, 161, 165 

liver-fluke, 26, 60 

lizard, 118, 127 

loam, 292-293 

locomotion, 16. See also movement 

locust, 73-75, 80 

long-sightedness, 181-182 

Loranthus, 27, 32-33 

lumbar vertebrae, 139 

lung books, 66 

lungfish, 111 

lungs, 103, 104, 112, 163, 165, 167-169, 
174 

lymph, 163, 169, 183 

lympbatic system, 158, 159 


maggots, 83 

magnesium, 280, 281 

maize, 246-248, 264-267 

malaria, 18, 26, 75-76, 78-79 

malleus, 183 

maltose, 149, 156, 157 

mammals, 102, 104; blood circulation, 
163-165; co-ordination of functions, 
186-188; digestion, 154-159; excre- 
tion, 169-171; food and diet, 149-1 53; 
general characteristics, 129-134; ner- 
vous system, 175-185; reproduction, 
171-173, 174; respiration, 167-169, 
174; skeleton of, 135-144, 148; teeth 
of, 144-147, 148 

mammary glands, 129, 173 
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man: nervous system, 175 185; repro- 
duction, 172; teeth of, 145, 146 

mandibles, 65, 70, 71 

mango, 205, 206 

Mangrove swamp, 300-301 

manuring, 295, 296 

Marsilea diffusa, 215, 304, 306 

maxillae, 65, 70 

meatus, 183 

medulla, 170, 171 

medullary rays, 211—213 

membrane, semi-permeable, 34, 274- 
276, 278 

Merremia umbellata, 304 

mesocarp, 255 

mesoglea, 46, 53 

mesophyll, 237 

metabolism, 16, 17, 130, 133, 169, 186, 
187 

metacarpals, 141 

metamorphosis, 69, 72-73, 74, 78, 87-88, 
90, 116, 117 

metatarsals, 141 

Metazoa, 46-52 

micro-organisms, 21 

micropyle, 248-249, 262 

microscope, 20, 44 

microscopic animals, 34-52 

microscopic plants, 191-199 

migration, 74, 110, 126, 128 

Milletia, 205 

millions fish, 29, 104, 105-106, 108-110 

millipede, 64-65, 68 

Millon’s reagent, 151 

mineral matter in soil, 291 

mineral salts, 151, 153, 169, 170, 272, 
278-281 

mistletoe, 27, 32-33 

mitochondria, 35 

Mitosis, 38 

mobility, soil, 301 

molars, 145, 146, 147 

molluscs, 57, 301 

monitor lizard, 127 

monkey, 30 

monocotyledon, 213, 229, 231, 235, 240, 
242, 259, 267 

morphology, 18 

mosquito, 18-19, 26, 29, 75-79, 80 

moths, 86-88 

motor fibres, 178 

mould, 194-197, 199 

moulting, 64, 67, 74, 83, 85, 88-90, 100, 
124 
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mound termites, 97-99 

mouth, digestive function of, 154-156 

mouth-parts, 63, 65, 66, 70-71, 73, 78, 85, 
88, 91, 92, 94, 97, 99, 100 

movement, 16, 36, 40, 42, 48, 74, 81, 88, 
107-108, 114, 124. See also tropisms 

Mucor, 194, 196, 199 

mucuna bean, 262-264 

mucus-secreting glands, 59, 113, 114 

multicellular organisms, 34, 46-52 

multiple fission, 38 

Musca domestica, 81-84 

muscle cells, 47, 48 

muscle-tails, 47, 48 

mycelium, 194, 196, 197 

Myriapoda, 61, 64-65 


natural history, 18 

nectary, 239, 241, 244, 245, 246 

nematocysts, 49 

nerve-cells, 47, 176 

nerve-fibres, 177-178 

nerves, 175, 178-179 

nervous system, 102, 133, 175 185 

net veins, 235 

neural arch, 137, 139 

neural spine, 137, 139 

nitrates, 279-280, 296, 297 

nitrites, 297 

nitrogen, 280 

nitrogen cycle, 25, 296-297 

nitrogenous waste, 169 

nodes, 202 

non-reducing sugars, 150 

nucellus, 249 

nuclear membrane, 35 

nucleic acids, 35 

nucleus, 34, 35, 36, 38, 40, 41, 42, 191, 
248, 249 

nutrition, 15, 16, 20, 21, 48-49; of insects, 
70-71, 74, 81, 88, 100; of microscopic 
animals, 37, ^40, 43; ‘of plants, 191- 
192, 193, 196 

nutritive cells, 48 

nuts, 251, 253 

Nymphaea, 33, 284, 302 


Obelia, 20 

occipital condyles, 137 

odontoid process, 139 

offsets, 215 

oils, 150-151 

olecranon process, 141 

olfactory organs, 106, 110, 179-180 


omnivores, 146 

onion, flowering, 200 

Opalina, 26 

operculum, 106, 108, 116 

opisthosoma, 65-66 

optic nerve, 181 

Opuntia, 215, 225, 300 

oral groove, 42, 43 

orchids, 307-310 

orders, 31 

organisms, 15-16, 18, 19-21, 22-23; 
acellular, 34, 35-45; multicellular, 34, 
46-52; in soil, 292 

organs, 46 

osmosis, 274, 275-277 

ossicles, 183 

ova, 50, 51, 171, 172, See also eggs 

ovaries, 46, 50-51, 171, 186, 188, 240, 
241, 243, 245, 247, 249 

oviducts, 126, 171, 172 

ovipositor, 74 

ovules, 240, 248, 249 

Oxalis, 215, 218, 229, 235 

oxygen, 15, 33, 37, 40, 49, 108; and blood 
161, 163, 165; and breathing, 167-169; 
and germination and growth, 267, 
268, 272; and photosynthesis, 285, 
287; and respiration, 288, 289 

oxyhaemoglobin, 161, 168, 169 


Palaemon, 62, 67 

palisade tissue, 237 
palmate leaf, 235 
palmella, 192 

palp, 71 

pancreas, 186, 187 
pancreatic juice, 156 
Pandanus, 228, 231, 232 
Papilio dardanus, 88-90 
parallel veins, 235, 267 
Paramecium, 31, 34, 41-44, 45, 46, 192 
parasites, 25-27, 32-33, 78, 85, 86 
parenchyma, 211 

Parkia, 204, 205 
parthenogenesis, 93 
Paspalum, 300, 301 
patella, 141 

pecking order, 128 
pectoral girdle, 141, 142 
pedipalps, 65, 66 

pellicle, 39, 40, 42 

pelvic girdle, 139, 141, 142 
pelvis, 139, 142 

penicillin, 197 
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Penicillium, 194, 197, 199 

penis, 172 

pentadactyl limbs, 112, 118, 123, 140 

Peperomia, 200, 201, 278 

pepsin, 154, 156, 157 

peptones, 156, 157 

perennials, 200 

perianth, 240 

pericarp, 249, 255 

perilymph, 183 

Periplaneta americana, 69-73 

petals, 239-240, 241 

petiole, 234, 235 

phalanges, 141 

pharynx, 102, 103 

phloem, 211, 213, 214, 231 

phosphates, 279-280 

phosphorus, 280 

photosynthesis, 22-23, 27, 33, 40, 149, 
203, 211, 214, 215, 232, 234, 237, 272, 
285-287, 289, 290, 306 

physiology, 18 

piliferous layer, 230 

pinnae, 130, 182 

pinnate leaf, 235 

Pistia stratiotes, 33, 215, 218, 302, 304 

pistil, 240 

pith, 213, 231 

pituitary gland, 186, 187-188 

placenta, 173 

plankton, 104 

plants, 19-21; absorption of water and 
salts, 274-279; classification, 30-31, 
33; epiphytes, 27-28; evolution trends 
in, 31-32; flowering, 200-273; growth 
and stimuli, 268-272; microscopic, 
191-199; nutrition of, 24-30, 191-192, 
193, 196; parasites, 25-27; and 
photosynthesis, 285-287; reproduc- 
tion in, 192, 193, 196-197, 223- -227, 
239—250; respiration in, 267, 287-289; 
saprophytes, 27; symbiosis in, 24-25; 
transpiration in, 281—284 

plasma, 160, 161, 163 

Plasmodium, 26, 78 

Platycerium, 307, 308 

pleural cavity, 167 

plumule, 249, 259, 261, 262, 264 

Poinciana regia, 206-207, 239, 244-245 

poison-glands, 113, 114 

pollen, 95-96. See also pollination 

pollen tube, 248-249, 250 

pollination, 91, 97, 239, 240, 242-248 

pome, 255 


ponds, 301-304 

portal vein, 163 

potassium, 280, 281 

potometer, 282, 283 

prawn, 61-64, 67 

praying mantis, 75 

premolar teeth, 145, 146, 147 

Pressure points, 166 

proboscis, 76, 81, 85, 88, 92 

pronation, 148 

prop roots, 231, 300 

propolis, 95 

prosoma, 65-66 

protandrous flowers, 243, 247 

proteins, 151, 153, 156, 157, 158, 159, 
161, 280, 285, 296 

protoplasm, 15, 17, 21-22, 34, 36, 37, 38, 
39, 43, 151, 216, 280 

Protozoa, 35-45 

pseudopodia, 36, 37, 39, 49 

ptyalin, 154, 157 

pubis, 142 

pulmonary circulation, 163, 165 

pulse, 162, 166 

pupa, 78, 83, 85, 88, 90, 100 

pupil of eye, 181 

pyrenoids, 191, 193 


quill, 121 
quill feathers, 121, 123, 124 


rabbit, 146 

radial symmetry, 51 

radiating canals, 43 

radiation, 134 

radicle, 229, 249, 259, 261, 262, 264, 
267 

radius, 141 

receptacle, 239, 241 

rectum, 159 

reducing sugars, 150 

reflex action, 175, 178, 185 

regeneration, 50, 57, 67 

Remirea maritima, 300, 301 

renal artery, 165, 174 

rennin, 156, 158 

reproduction, 16, 17, 50-51, 56-57, 59, 
64, 67; birds, 126; fishes, 110; flower- 
ing plants, 223221, 239—249; insects, 
71, 72, 74, 78, 81-83, 85, 88, 93, 96, 97- 
99; mammals, 129, 171-173, 174; 
microscopic animals and plants, 38, 
41, 43-44, 192, 193, 196-197 

reptiles, 102, 104, 118-119, 127 
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reservoir, 39, 40, 41 

respiration, 15, 16, 21, 49, 59, 65, 66, 69, 
112, 116; in fishes, 103, 104, 108-109; 
in insects, 71-72, 78, 83, 88; in mam- 
mals, 167-169, 174; in microscopic 
animals, 37, 40, 43; in plants, 196, 287- 
289; in seed germination, 267, 268 

retina, 181, 182 

rhizome, 215, 219, 220, 223 

Rhizophora, 231, 301, 303 

Rhizopus stolonifer, 194-197, 199 

rickets, 152 

ring-worm, 26 

root-hairs, 228, 274, 276-277 

root-nodules, 25, 32 

root pressure, 277 

roots, 201—202, 203, 228-233; growth of, 
268-272 

round-worms, 53, 54 

runners, 215, 223 


sacral vertebrae, 139 

salinity, 300, 306 

saliva, 154 

Salvinia, 33, 302, 304 

Samanea saman, 205, 210 

sand, 292-293, 299 

saprophytes, 27, 196 

sapwood, 214 

Scale-leaves, 219, 237 

scales, 104, 105, 106, 118, 119, 120 

scapula, 142 

scars, 219; fruit and seed, 251; leaf, 237 

scion, 225, 226 

sclerotic, 181 

scorpion, 66, 68 

screw-pine, 300 

scrotum, 172 

scurvy, 152 

scutellum, 264 

sea-anemone, 24-25, 51-52 

sea-shore, 299-300 

secondary thickening, 213-214 

secretion, 16 

secretory cells, 48, 49 

sedimentation, 292 

seedlings, 260-273; respiring, 288-289 

seeds, 203, 249, 251-253; dispersal of, 
255-258; germination, 259-268; sex- 
ual reproduction, 223, 226-227 

segmented worms, 53, 54-57, 61 

self-pollination, 242, 243 

semi-parasites, 27 

sense cells, 47, 48 
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sense-organs, 179-183 

sensory fibres, 178 

sepals, 239, 241 

Sesuvium, 299-300, 301 

setae, 56, 

sex-organs, 50-51, 56, 59, 171-172, 186, 
188 

sexual reproduction, 50-51, 56-67, 59, 
64, 67; in birds, 126; in fishes, 110; in 
insects, 72, 74, 78, 85, 93, 97-99; in 
flowering plants, 239-249; in mam- 
mals, 171-173; in microscopic ani- 
mals and plants, 43-44, 192, 193, 197 

shaft, 121, 123 

sheep, 146 

shelter-belts, 295 

shifting cultivation, 296 

shoots, 201, 202, 211; growth of, 268- 
272 

short-sightedness, 181-182 

shrubs, 200, 203-204 

sight, 180-182, See also eyes 

silk-cotton tree, 208-209, 231, 307 

skeleton, 61, 103, 135-144, 148 

skin, 54, 56, 104, 113, 130, 131-133, 134 

skink, 127 

skull, 102, 130, 135-137 

sleeping sickness, 84-85, 86 

smell, 179-180 

snail, 57-59, 60 

snakes, 118-119, 127 

sodium chloride, 151 

soil, 291-296, 298 

Spathodea campanulata, 205, 206, 209 

species, 30-31 

sperm, 50-51, 172. See also reproduction 

spider, 65-67, 68 

spinal bulb, 175, 176 

spinal cord, 102, 137, 138, 175, 176- 
179 

spines, leaf, 237 

spinnerets, 66 

spiracles, 65, 69, 71, 83, 88 

Spirogyra, 32, 192-194, 199 

spongy tissue, 237 

sporangia, 196, 197 

spores, 38, 196-197, 307 

staghorn fern, 307 

stalk, 239 

stamen, 239, 240, 241, 243, 245, 246, 
247 

staminodes, 241 

standard, 245 

stapes, 183 
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starch, 149, 150, 156, 157, 285-286, 287 

starch sheath, 211 

stem, 202; functions, 203, 214-223; 
modifications, 214-223; structure of, 
211-125 

stigma, 240, 241, 242, 243, 244,245, 246, 
247, 248 

stilt-roots, 231, 301 

stimuli, response to (irritability), 16, 21, 
37-38, 41, 43, 49-50, 175, 178-179, 
185 

stock, 226 

stolons, 194-196 

stomach, 156 

stomata, 214, 237, 238, 281-282, 283, 
284, 306 

storage-organs, 215-223 

Striga, 27, 28 

structure, 15, 20, 21 

style, 71, 240, 243, 248 

succession, of plant colonization, 307 

sucker, 215, 222-223 

sucrose, 149, 156 

sugars, 149-150, 156, 158, 159 

sulphates, 279-280 

sulphur, 280, 281 

sunflower, 242-243 

supination, 148 

suspensor, 197 

suspensory ligament, 181 

swamp, 300-301 

sweat-glands, 130, 132, 133, 134, 170 

sweet-pea, bush, 245-246 

swift-running mammals, 130, 131 

swim-bladder, 108 

swimmerets, 63 

swimming, 107-108 

swimming mammals, 130, 131 

sword bean, 259-262 

symbiosis, 24-25, 48 

synovial fluid, 143 

systemic circulation, 163, 165 


tadpoles, 115-116, 117 

Taenia, 54 

tail, 106-107, 116, 123-124, 131, 139 
tail-fan, 63 

tap-root, 229 

tape-worm, 26, 54, 59 

tarsals, 141 

taste, 180 

teeth, 119, 129, 144-147, 148 

telson, 63 
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temperature: body, 104, 119, 120, 121, 
129, 130, 133-134, 161, 170; for seed 
germination, 267, 268; and trans- 
piration, 283 

tendons, 143 

tendrils, 215, 238 

tentacles, 46, 48, 49 

terminal buds, 202, 211, 221 

Terminalia, 205, 209, 255 

termites, 97-99, 101 

terracing, 295 

terrestrial habitat, 307 

testa, 249, 259, 261, 262, 264 

testes, 46, 50-51, 56, 172, 186, 188 

thoracic cavity, 167 

thoracic vertebrae, 139 

thorax, 62, 69, 71, 75, 78, 81, 88, 100, 
139 

thorns, 215 | 

Thunbergia, 242, 244 i 

thunderstorms, 297 

thyroid gland, 186-187 

thyroxin, 117, 186 

tibia, 141 

Tilapia, 102, 104, 105, 106, 107, 108, 110, 

111 

tissue respiration, 167, 168-169 

tissues, 46; dead, 27 

toad, 112-117, 163 

trace elements, 281 

trachea, 65, 69, 71-72, 167 

trailing stems, 215 

transpiration, 234, 277-278, 281-284 
299, 306 

transpiration pull, 278, 282 

transverse process, 137, 139 

trees, 200, 204-209, 307-310 

trichocysts, 42 

tricuspid valve, 165, 166 

Tridax, 215, 218, 253, 256, 307 

tropisms, 268 

true roots, 229 

Trypanosome, 85 

trypsin, 156 

tsetse-fly, 81, 84-86, 91 

tuber, 215, 219-220, 223 

tuberous roots, 231 

tulip tree, 205, 209 

turgidity, 277 

twig, 203-204, 283 

twiners, 215 


ulna, 141 
unisexual flowers, 241, 246 
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urea, 132, 159, 161, 169, 170 
Urena, 257 

ureter, 171 

urethra, 171, 173 

Urginea, 222, 223, 224 
urine, 171, 173 

uro-genital organs, 173 
uterus, 171, 172 


vacuoles, 34, 36, 37, 39, 40, 42, 43, 49, 
191, 193 

vagina, 171, 172 

vane, 121, 123 

vapour, 281-284 

vasa deferentia, 172 

vascular bundles, 211, 213, 237 

vegetative protection, 295 

vegetative reproduction, 223-227 

veins, 161, 163 

vena cava, 165 

Vernonia cinerea, 200-203, 210, 229, 230, 
232, 235, 252, 256 

vernonia, common, 200-203 

vertebrae, 102, 137-139 

vertebral column, 
176 

vertebrates, 102-104 

villi, 158 

Vitamins, 152, 153, 161, 272 

Vitreous humour, 180 

vivipary, 85, 129 

voluntary action, 175, 178-179 

vulva, 171, 173 


102, 137-139, 175, 
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water, 20, 39; absorption of, 276-278, 
306; in diet,” 149, 152; evolution of life 
in, 103, 118; excretion of, 169, 170, 
171; in germination, 267, 268: and 
growth, 271, 272; seed and fruit dis- 
persal by, 257; in soil, 292, 293, 295 

water culture, 279-281 

water-] -Jettuce,. 304 

wind: pollination by, 242, 246-248; seed 
dispersal by, 255-256; and transpira- 
tion, 283-284, 299 

wing petals, 245, 246 

wings, 71, 73, 74, 81, 84, 87, 92, 97, 99, 
119, 120, 121, 123-124 

Wisadula, 257 

wood, 213-214, 278-279 

wood-lice, 68 

woody perennial trees, 200, 203-204 

wormery, 60, 272 

worms, 53-57, 298 


xerophytes, 284 
xylem, 211, 213-214, 231, 277, 278-279, 
306 


yellow fever, 18, 75, 76 
yellow spot, 181 


Zea mays, 264, 266-267 
zoospores, 192 

zygapophyses, 137 
zygospores, 192, 193-194, 197 
zygotes, 51, 192, 193, 197, 249 


